THE JOURNAL OF 
ENGINEERING 
EDUCATION 





VOLUME 34 





Contents for January, 1944 


_ ENGINEERS’ RESPONSIBILITY IN Civic Matters. D. Robert Yarnall 
Post-War PLANNING FOR ENGINEERING EpUCATION—PURDUE UNIVERSITY 384 
AERONAUTICAL RELATIONSHIPS WITH THE ECPD. Howard W. Barlow 392 


AERONAUTICAL EDUCATION IN LIGHT oF EXPERIENCE AT NAVAL AIRCRAFT 


Factory. L. R. Parkinson 
PATENTS AND Procress. Arthur Simon 
CoLLEGE Course IN CONSTRUCTION ENGINEERING. A. J. Ackerman 
Basic QUALITATIVE THERMODYNAMICS. Ernest M. Fernald 
ACHIEVEMENT Tests In MecuHanics. Jasper O. Draffin 
EconoMICs AND ENGINEERING Epucation. D. O. Bowman 
REporT OF CONFERENCE ON ENGLISH 


THE IMPORTANCE OF THE HUMANITIES IN AN ENGINEERING EDUCATION. 


Gano Dunn 


Necrotocy. Walliam G. Smith 





Published monthly (except during July and August) at Prince and Lemon Sts., Lancaster, Pa., by the 
Society for the Promotion of Engineering Education under the Supervision of the Publication Committee: 
H. T. Heald, Robert. E. Doherty, F. L. Bishop, Editor, University of Pittsburgh. Entered as second class 
matter, October 17, 1912, at the Post Office at Lancaster, Pa., under the Act of August 12, 1912. 
Subscription Price, $3.00 per year; Single Copies, 50 cents. 


Rhesus eaherc. ha oe CL 


PRE ATES ee I Heh eh 


en nannies eine ene ne ater ae aie een ana 








University of Cincinnati 


THE SOCIETY FOR THE PROMOTION OF 





ENGINEERING EDUCATION 


OFFICERS 1943-44 


President 


Rosert E. Dowerty, Carnegie Institute 
of Technology, Pittsburgh 13, Pa. 


First Vice President 


A. R. CuLuimore, Newark College of Engineering, 


Newark, N. J. 


Second Vice President 
H. J. GiuKey, Iowa State College, Ames, Iowa 


Secretary 


F. L. BisHop, University of Pittsburgh, 


Pittsburgh 13, Pa. 


Treasurer 


J. 8. THompson, McGraw-Hill Book Co., 


New York City 


Assistant Secretary 


NELL McKEnry, University of Pittsburgh, 


Pittsburgh 13, Pa. 


Headquarters 


University of Pittsburgh, 


Pittsburgh 13, Pa. 
52nd Annual Meeting 
Cincinnati, Ohio 


June 22-25, 1944 


Host 


4 








COUNCIL 
I. Elective Members 


Terms Expire in 1944 
J. H. Belknap 

A. C. Callen 

F. M. Dawson 

N. W. Dougherty 
Seibert Fairman 

Cc. J. Freund 

R. P. Hoelscher 


Terms Eapire in 1945 
H. L. Dodge 

J. C. Elgin 

L. J. Fletcher 

Cc. EB. Lawall 

R. L. Spencer 

Cc. B. Tucker 

Jos. Weil 


Terms Ezpire in 1946 
B. L. Eriksen 

W. O. Hotchkiss 
Thorndike Saville 

R. H. Spahr 

G. L. Sullivan 

F. L. Wilkinson 

W. R. Woolrich 


II. Past Presidents— 
Members Ex-Officio 


C. Frank Allen 
D. C. Jackson 
F. BE. Turneaure 
Anson Marston 
Henry S. Jacoby 
Arthur M. Greene 
Mortimer B. Cooley 
Chas. F. Scott 
A. Potter 

B. Pegram 
M. Leland 

L. Sackett 

S. Kimball 

S. Boardman 
S. Bvans 

A. Seaton 

. BE. Wickenden 
Cc. Williams 
8S. Anderson 
P. Hammond 
B. Earle 

T. Compton 
J. Ferguson 
B. Prentice 

H. White 

T. Heald 


a 


HP OORMmMoOsgmmmo WOOD 








Com} 
to as lo 
leading 
center < 
charact 
has cha 
a peric 
adapta 
of char 
pace W 
special 
this w 
plants 1 
represe 
geared 
uting 1 
tural c 
cinnati, 
the fot 
cinnati 
pal Un 
as the - 
tive pl 
the un 
educati 
be lear 

Cinc 
world’: 
tools, : 
one of 
for the 

Other 
and 1m 
machir 
watche 
and pu 

refrige 











Cincinnati 


By N. P. AUBURN 


Dean of University Administration, University of Cincinnati 


Comparatively few cities can point 
to as long and consistent a record as a 
leading manufacturing and cultural 
center as can Cincinnati. Although the 
character of its industry and commerce 
has changed in important aspects over 
a period of a century or more, its 
adaptability in meeting the demands 
of changing conditions has kept it in 
pace with progress and is proving of 
special value in the war economy. At 
this writing, virtually all the 2,200 
plants in the Cincinnati industrial area, 
representing some 250 industries, are 
geared to the victory effort. Contrib- 
uting much to its reputation as a cul- 
tural center is the University of Cin- 
cinnati, which traces its origin back to 
the founding of one of its units, Cin- 
cinnati College, in 1819. This munici- 
pal University is internationally known 
as the home of the Cincinnati codpera- 
tive plan of technological education, 
the unique linking of industry with 
education to the end that practice can 
be learned simultaneously with theory. 

Cincinnati is credited with being the 
world’s largest producer of machine 
tools, soap, and playing cards. It has 
one of the largest plants in the world 
for the production of airplane motors. 
Other leading industries are foundry 
and machine shop products, laundry 
machinery, men’s clothing, shoes, 
watches, radio receiving sets, printing 
and publishing, printing inks, electrical 
refrigerators, chemicals, drugs, and 


medicines, meat packing, automobile 
bodies and parts, pianos, office furni- 
ture, and pottery. 

While most of these industries have 
been temporarily converted to war pro- 
duction, Cincinnatians confidently re- 
gard them as a tower of strength which 
holds the solution to the economic 
problems that will come with the post- 
war readjustment period. 

When the first settlers, coming down 
the Ohio River by flatboat, landed on 
the site of Cincinnati in November and 
December 1788, agriculture became the 
first industry. Trades and mechanical 
industries were not long in following. 
Fort Washington was built the fol- 
lowing fall, and an early historian sug- 
gests the presence of mechanics in a 
reference to an “artificers’ yard” ad- 
joining the fort, in which were located 
workshops as well as homes for 
workers. 

Printing was apparently the first or- 
ganized mechanical industry in the 
new settlement. On November 9, 
1793, William Maxwell established a 
newspaper, “The Centinel of the 
Northwestern Territory.” Its motto 
was “Open to all parties, influenced by 
none”—suggesting that politics, too, 
had taken a foothold in the young 
‘community. 

It was the first newspaper published 
north of the Ohio River. Edward 
Freeman took over the paper in 1796 
and renamed it “Freeman’s Journal.” 
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He published it until 1800, when he 
moved to Chillicothe. In the mean- 
time, Joseph Carpenter started a 
weekly, “The Western Spy and Ham- 
ilton Gazette,” the first issue appearing 
on May 28, 1799. 

Within that same decade, Cincin- 
nati’s commerce also had its inception. 
On January 11, 1794, two keel boats 
sailed from Cincinnati to Pittsburg, 
each scheduled to make a trip there- 
after every four weeks. The perils of 
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these voyages are suggested by the 
fact that each boat was protected 
against rifle and musket fire, and each 
carried small cannon—six pieces for 
the firing of one-pound balls. These 
precautions were against the menace 
of Indians on the banks of the Ohio, 

A commentator in 1812 already fore- 
saw the city’s possibilities as an indus- 
trial center. He wrote: “Cincinnati 
contains about 400 dwellings, an ele- 
gant court house, a jail, three market 
houses, a land office for the sale of 
Congress lands, two printing offices is- 
suing weekly gazettes, 30 mercantile 
stores, and the various branches of 
mechanism are carried on with spirit. 
Industry of every kind being duly en- 
couraged by the citizens, it is likely to 
become a considerable manufacturing 
place.” 

It was in that year, towards the close 
of the War of 1812, that manufactur- 
ing became established on a firmer 
foundation. The Cincinnati Steam 
Mill came into being. It was devoted 
to the production of flour, cotton and 
woolen goods and flaxseed oil. This 
stimulated other enterprises, and two 
years later the city boasted, in addi- 
tion to this undertaking, four cotton- 
spinning establishments, 91 wool-card- 
ing machines, a steam sawmill, and a 
sugar refinery. 

The invention of the steam engine 
and the use of steam as motive powef 
came to the attention of the people of 
Cincinnati as early as 1801, and out 
of this new knowledge came the crea- 
tion of these early industries. An ef- 
fort was launched at the time to or- 
ganize a company to build steamboats, 
but nothing came of it. Ten years 
later, however, on October 27, 1811, 
interest in the project was revived 
when Nicholas J. Roosevelt brought 
his steamboat, the “Orleans,” which he 
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had just built at Pittsburg, to Cin- 
cinnati, enroute to New Orleans. The 
whole town turned out to see it. 

Under the inspiration of this event, 
Cincinnati was soon to become a great 
boat-building center. The “Vesta,” 
first steamboat ever built in Cincinnati, 
was launched in 1816. It was a 100- 
ton craft and operated between Cin- 
cinnati and Louisville. Its steam en- 
gine later was used in Cincinnati’s 
first steam-driven waterworks plant. 

Steamboat building was a flourishing 
industry in Cincinnati for many years, 
until the ascendency of the railroad 
reduced river traffic to a subordinate 
place in commerce. However, it was 
the advent of the steamboat that soon 
made Cincinnati “the Queen City of 
the West.” It became a great export 
and import center, the gateway to the 
South. The southern planter found 
that he could conveniently reach Cin- 
cinnati for his supplies, and, in turn, 
ship his cotton and other wares to 
Cincinnati for disposal in the North. 

This helped to develop Cincinnati’s 
meat packing industry, an enterprise 
that reached such proportions that the 
city became world-famous as “Porko- 
polis.” Other industries grew out of 
this, too. Surplus corn that was not 
fed to the hogs was turned into whiskey 
and surplus fruit into brandy. Cin- 
cinnati also produced in this period, 
beer, porter, cheese, soap, candles, 
hemp, spun yarn, lumber, and furni- 
ture. 

The city’s expanding industries in 
the late 1820’s and ’30’s included gun- 
making, manufacture of hardware of 
all kinds, tanneries, rope-manufactur- 
ing, a sugar refinery, and wagon, coach, 
and carriage factories. The need for 
skilled mechahics prompted the organi- 
zation of the Ohio Mechanics Institute 
in 1828—the first trade school of its 
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kind west of the Alleghenies, still 
flourishing to meet present-day needs 
for skilled workers. 

* Mention of the Ohio Mechanics In- 
stitute is particularly appropriate in 
connection with Cincinnati industry, 
because one of its founders and ardent 
supporters through the subsequent 
yeats was Miles Greenwood, a noted 
pioneer in Cincinnati’s machinery in- 
dustry. Greenwood operated the 
Eagle Iron Works, and he is credited 
with having built the first steam fire 
engine. 

It should be noted that Cincinnati's 
early prosperity as a steamboat-build- 
ing center played a leading role in de- 
veloping its great machinery and ma- 
chine tool industry ; for steamboats re- 
quired engines, boilers, pumps and 
other machinery ; and plants sprang up 
to supply these needs. By 1841 Cin- 
cinnati had become the center of a big 
foundry and steam-engine building in- 
dustry. The annual output was valued 
at more than $668,000; the output of 
the steamboat-building industry, $592,- 
500; and that of the rolling mills, 
$394,000. 

A century later, just before the out- 
break of World War II, the value of 
Cincinnati machine tool products was 
set at approximately $41,000,000 a 
year. Wartime production has boosted 
this figure to fantastic proportions. 

Cincinnati’s industry and commerce 
were variously affected by the building 
of the Miami and Erie Canal and the 
advent of the railroads. The canal 
was opened between Cincinnati and 
Dayton in 1820, and completed to 
Toledo in 1845. 

The first train ran from Cincinnati 
to Springfield, Ohio, on August 10, 
1846. By 1848, the city had railroad 
connections with Lake Erie at San- 
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dusky and by 1850 there was a con- 
nection with Columbus via Xenia. 

The building of the Louisville and 
Nashville Railroad had diverted much 
of Cincinnati’s southern trade to Louis- 
ville and presented a serious problem. 
This inspired.a movement for a munic- 
ipally-owned railroad, with the result 
that the Cincinnati Southern to Chatta- 
nooga was completed in 1880 at a cost 
of $30,000.000. It is today one of 
Cincinnati’s greatest assets, and Cin- 
cinnati is believed to be the only city 
to own a major railroad system. 
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It was in 1906 that young Herman 
Schneider introduced the codperative 
plan of engineering training at the 
University of Cincinnati. In normal 
years this University places its co- 
operative engineering, business admin- 
istration and applied arts students for 
practical experience in 400 firms from 
Chicago and Detroit to Knoxville and 
Chattanooga, from St. Louis to New 
York City. 

So successful is this Cincinnati plan 
that scores of technological colleges 
have adopted it. During the war years 
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it has seen renewed extension in many 
colleges as a means of permitting 
women students to contribute to the 
war effort while gaining their educa- 
tion. 

It was this Cincinnati codperative 
plan which brought to Dean Schneider 
of the University of Cincinnati. the 
award of the Lamme Medal of the 
Society for the Promotion of Engi- 
neering Education in 1936 at its con- 
vention in Madison, Wisconsin. Dean 
Schneider died in March 1939. He 
has been succeeded as dean of the 
University’s College of Engineering 
and Commerce and director of its 
School of Applied Arts by Dr. Robert 
C. Gowdy. 

Soap-making has been one of Cin- 
cinnati’s most important industries for 
a century or more. The largest of 
some half-dozen Cincinnati soap manu- 
facturers is the Proctor and Gamble 
Company. It was in 1837 that Wil- 
liam Proctor, who made candles, and 
James Gamble, who made soap in a 
modest sort of way, joined forces and 
became the Proctor and Gamble Com- 
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pany. They began operations in a 
small shed at Sixth and Main Streets 
on the site that is now occupied by a 
large office building that houses the 
company’s general offices. Some $40,- 
000,000 worth of products are shipped 
annually out of the Ivorydale plant 
alone, at Cincinnati; while its gross 
sales out of all its plants in various 
parts of the United States, Canada, 
and Cuba totalled in excess of $221,- 
000,000 in 1939. 

It is certain that there is hardly a 
household in America that does not 
come in contact with some Cincinnati 
product in jts daily routine—be it soap, 
or school books, clothing or shoes, 
radios, pianos, watches, greeting cards, 
refrigerators, playing cards, chemicals 
or any one of a vast variety of other 
necessities and luxuries. 

And guns, shells, airplanes, preci- 
sion instruments, ammunition, surgical 
supplies and a thousand other items 
used on the fighting fronts—on the 
field, on the high seas, and in the air 
—bear the trade mark of Cincinnati 
industry. 


The 52nd annual meeting, S.P.E.E., will be held in Cincinnati, June 
22-25, 1944. 
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Engineers’ Responsibility in Civic Affairs* 


By D. ROBERT YARNALL 
Chief Engineer, Yarnall-Waring Co., Philadelphia, Pa. 


Someone casually;reminds us: 


“A man is born a citizen and he may 
become an Engineer” 


We who are members of American 
Society of Mechanical Engineers have 
had for years held| before us in our 
Code of Ethics this advice: 


‘Tt is the duty of every Engineer to in- 
terest himself in the public welfare and 
to be ready to apply his special knowledge, 
skill, and training in the public behalf for 
the use and benefit of mankind.” 


Today, in war time, engineers are 
more fully engaged than in any time in 
our history. Their loyalty, ability and 
industry are universally recognized 
and generally commended. May we 
remind ourselves that the planning for 
their training and their performance 
was done years ago. 

This afternoon I assume, as we con- 
sider together “Engineers and Civic 
Responsibilities,” we are looking well 
ahead and beyond the war years. We 
all know that the stern realities of war 
probably will not allow experimenta- 
tion with new educational technique as 
applied to the present going system. 
But just as we are at present engaged 
in post-war planning in the field of in- 
ternational relations as well as in the 
industrial and economic fields, so should 





* Presented at the meeting of the Middle 
Atlantic Section, S. P. E. E., Haverford 
College, May 8, 1943. 





we engineers be planning well ahead in 
our educational field, particularly as it 
relates to engineers’ responsibility in 
civic affairs. We should remind our- 
selves that post-war planning must not 
be an escape from present responsibil- 
ity. Yet our Government officials lead 
the way in urging us to look towards 
and plan for the Peace. The Secre- 
tary of State, in a notable address, has 
presented a striking outline of the 
structure of peace. He calls for swift 
and effective action at the close of the 
war to relieve human sufferings in war 
devastated countries. He hopes for 
the pursuit within nations of political ° 
liberty, economic security and social 
justice for all alike. He states the 
necessity of codperation of all nations, 
including the United States, in estab- 
lishing a genius to reduce armaments, 
to settle disputes by peaceful means, to 
reduce trade barriers and to provide 
equal access to raw materials. “No 
nation,” said the Secretary, “will find 
this easy. Neither victory nor any 
form of post war settlement will of 
itself create a millennium. ...” The 
vision, the resolution and the skill with 
which the conditions of peace will be 
established and developed after the war 
will be as much of a measure of man’s 
capacity for freedom and progress as 
the fervor and determination which 
men show in winning the victory.” 
We in the engineering profession and 
particularly you in the S.P.E.E. con- 
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cerned with the right development of 
engineering education, must be mindful 
of our responsibility for our part in 
this high calling. 

Everyone expects engineers to de- 
sign and build the sinews of war. Can 
they count with equal confidence upon 
them as citizens after the war not only 
to help beat swords into plowshares 
and spears into pruning hooks, but to 
help insure “that this nation under 
God shall have a new birth of free- 
dom.” What is freedom for us? How 
secure is it? 

May I tell you a story of a personal 
experience in Germany? I had been 
sent to Germany during those days 
when the democratic Weimar Consti- 
tution was operative, in 1920, to plan 
for the distribution of American food 
to the undernourished children and 
mothers, and was at first assigned the 
job of organizing the feeding in the 
southern cities, with headquarters at 
Frankfurt am Main, including Stutt- 
gart, Fortsheim, Carlsruhe, Mannheim, 
Heidelberg Darmstadt, and as far 
north as Kassel. In all of these dis- 
tricts I made intimate friends among 
those public-spirited Germans who were 
concerned with distribution of relief to 
children and mothers who suffered 
most by reason of the continued block- 
ade which actually lasted long after 
the Armistice was signed in 1918. 

Years later, but before Germany at- 
tacked Poland, I was again in Germany 
on another mission, and while there 
went down to Frankfurt to look up 
some of these old friends, to find out 
what was their present attitude of 
mind, particularly towards the political 
regime. An old doctor friend who had 
been particularly helpful in the Kinder- 
speisung days of 1920 asked me to 
spend Sunday afternoon with him and 
his wife and daughter in the Palm 


Garden. This was indeed welcome to 
me, as I thought I would be able to 
get from him, one of the local strong 
‘men of Frankfurt, the truth about 
Germany. We had a delightful after- 
noon under the trees listening to the 
music and talking about old times. I 
found that the doctor’s wife was a 
vidlent Nazi; she could not understand 
why we “sensible Americans” did not 
understand the glorious new Germany 
which had come as a result of the 
National Socialist political victories. 
Their daughter, a girl of 18, a Hitler 
Jugend, was also an enthusiast for the 
new regime, saying that at last there 
was a future ahead for the young 
people of Germany and also a great 
future ahead for the Reich. At last 
Germany was taking her rightful place 
among the leading nations of the world. 
But all of this time I could not get an 
important word from the doctor. He 
questioned me a great deal about Amer- 
ica and our political trends, about 
lynchings and kidnappings, as well as 
about the third term possibility; but 
not a word could I get from him about 
his judgment of Nazi Germany. The 
afternoon wore on and the musical 
program came to an end and one by 
one the occupants of the tables left 
the Garden. Finally we arose and as 
the mother and daughter walked on 
ahead down the aisle, the doctor took 
me by the arm and said, in a low voice, 
when he was assured that no one could 
hear: “One thing in America you must 
never lose—you must never lose the 
Letter to the Editor.” 

He knew that Germany had sold her 
birthright for a mess of pottage. They 
had gained Naziism with its. “Ein 
Reich! Ein Volk! Ein Fuehrer!” 
but with this gain, freedom of speech, 
freedom of the press, freedom of re 
ligion had flown out the window. 








Ho 
freed 
Edito 

Ma 
citizet 
neer.” 
ginee! 
citizet 
from 
with 1 
sound 
us a 
scienc 
perso 
our p 
will ¢ 
citizes 

(a) 
dens 
-@) 
in res 
gover: 

(c) 
precic 
right 
to the 

In 
blue, « 
closur 
the te 
based 
in 36 
doubt 
critici 
better 
howey 
school 
tion t 

histor 
as to 
per ci 
Freed 
Press, 
Jury, 
of th 
indivi 
Do 








ne to 
le to 
trong 
about 
fter- 
> the 
S. a 
as a 
stand 
1 not 
nany 
the 
Dries, 
litler 
r the 
there 
ung 
rreat 
last 
lace 
orld. 
t an 

He 
mer- 
bout 
il as 
but 
bout 
The 
sical 


3 


3 &- 








ENGINEERS’ RESPONSIBILITY IN CIVIC AFFAIRS 


How may we make more secure our 
freedom to write our “Letter to the 
Editor” ? 

May I repeat, “A man is born a 
citizen but he may become an Engi- 
neer.” Are we who have chosen en- 
gineering endowed by birth with “good 
citizenship” characteristics? Alas, far 
from it. Somewhere along the line 
with the help of good environment and 
sound training there must be built in 
us a sense of concern, a social con- 
science, that will not be satisfied with 
personal success within the bounds of 
our profession, desirable as this is, but 
will drive us on and out with other 
citizens 

(a) to carry our share of the bur- 
dens of the world’s sufferings ; 

(b) to assume our constructive part 
in responsibility for good, wholesome 
government ; 

(c) to help in making secure those 
precious freedoms, among them the 
right without fear to write our Letter 
to the Editor. 

In these last days, out of the clear 
blue, comes the New York Times dis- 
closure on the apparent inadequacy of 
the teaching of American history as 
based on the survey of 7,000 freshmen 
in 36 universities. In time I have no 
doubt correctives will be applied to the 
criticized educational system which will 
better these percentages. I doubt, 
however, whether the engineering 
schools can count on secondary educa- 
tion to prepare freshmen in American 
history uniformly and thoroughly so 
as to make sure that in any test 75 
per cent, at least, will answer that— 
Freedom of Speech, Freedom of the 
Press, Freedom of Religion, Trial by 
Jury, and Right of Assembly were five 
of the Freedoms guaranteed to the 
individual in the Bill of Rights. 

Do you remember this warning in 
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1940, even before we were in the pres- 
ent war, by Hale Sutherland: 


“The time is ripe, however, for ac- 
ceptance of our insistence that the En- 
gineering Schools establish a humanistic 
core of study, substantial and dignified, 
extending through all the years of the 
present programs, a core of study which 
will acquaint the student with the or- 
ganization and operation of all the major 
elements of our democracy, its social, 
economic and political aspects.” 


In 1940 were the engineering facul- 
ties of colleges and universities repre- 
sented here this afternoon conscious 
of the inadequacy of freshman prep- 
aration in United States history and 
the fundamentals of our form of de- 
mocracy? Perhaps these things were 
known, but you thought it should be 
the concern of other faculties. You 
were more than absorbed with the great 
task of getting over to recalcitrant 
freshman the math, chemistry, physics, 
descriptive geometry, kinematics and 
other subjects which are the backbone 
of our profession. 

Someone always suggests that this 
broader subject matter should be pre- 
sented in two years of college work 
preceding the four years of technologi- 
cal curricula. You know this proposal 
has not won acceptance. No, I am 
sure the answer is not to be found in 
a longer course. 

All citizens must have responsibility 
for our democracy—engineers no more 
and no less than other citizens. We 
should all “highly resolve” never to 
leave the country in the hands of any 
but the most competent. 

Experienced teachers tell us “that it 
is more or less difficult to make a 
group, either young or old, loyal to an 
abstract ideal which is not integrated 
with their greatest interest, and in the 
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case of engineers, through the vehicle 
of their own chosen profession.” 

Most young men are anxious and 
willing to contribute to the public good ; 
naturally they would do best through 
the medium of their professional in- 
terest and training. 

May I make a plea here and now 
for this core of study “substantial and 
dignified” extending through all the 
four years of our engineering courses 
—courses which will teach the essen- 
tial elements of our democracy. I 
would have the standard of perform- 
ance just as high in this core of study 
as in thermodynamics or calculus—and 
satisfactory completion just as essen- 
tial for graduation. 

May I make another plea to you 
very wise and experienced educators. 
Do riot be indifferent to spiritual val- 
ues in life, and don’t “cold shoulder” 
religion! 

Someone has said, “College young 
people are largely spiritual and re- 
ligious illiterates, fatally ignorant in 
that all-important sphere of under- 
standing which supplies the binding 
element in our complicated social or- 
der.” 

Madame Chiang Kai-shek said the 
other day, in one of her impressive 
speeches : 


“We live in the Present 

We dream of the Future 

But we learn eternal truths from the 
Past.” 


With the press of many duties and 
responsibilities in college we are all 
conscious of the tendencies to crowd 
out spiritual and religious interests. 
Do you remember the experience of 
Brother Lawrence? 

Resolving to devote himself to the 
service of God, he entered a monas- 
tery, but instead of spending his time 
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in meditation and psalm-singing, he was 
sent to the kitchen—“being a dull and 
stupid fellow”—to cook for the rest of 
the community. He was greatly cast 
down ; how could he practice the pres- 
ence of God in a noisy room with peo- 
ple rushing about all shouting for dif- 
ferent things? 

Then came the answer—“Nothing is 
easier. I have but to turn the cake 
in the pan for the love of God.” 

He learned to offer up every ordi- 
nary humdrum duty as an act of wor- 
ship, and thus the kitchen, not the 
cathedral, produced one of our finest 
Christian classics. 

We engineers have all so worshipped 
the specialization complex and _ the 
bread and butter side of engineering 
that we have missed the great chance 
to help make secure the better world 
we are now all desperately demanding. 
We have ignored “this binding ele- 
ment” in our complicated social rela- 
tionships, saying to ourselves and our 
friends, “Let us get on with our pro- 
fession.” 

You decided to hold this conference 
at Haverford College. You are now 
on the campus of one of the important 
Quaker institutions of learning in 
America. One of the basic elements 
in the Quaker faith (and I believe this 
is also held by other faiths) is that 
conviction that there is that of God 
in every man—the belief in the sacred- 
ness of human personality—the belief 
in the direct revelation of God to man 
without intermediary—the Inner Light, 
as they call it. This religious element 
in life may be the guide to conscience, 
may be the driving force which will 
make men responsive to the demands 
of democracy. 

We engineers have too often passed 
up religion as an emotional element in 
life, saying that it has little or no place 








in en 
the re 
la 
lieve 
Men 
ing a 
are f¢ 
rounc¢ 
ship. 
No 
this c 
a sen 
engin 
comp! 
Divin 
out a 
or be 
comp 
gifts 
of th 
part. 
Ia 
engin 
of stt 
Schoc 
Iam 


\ 








16 was 
ll and 
est of 
’ cast 
pres- 
| peo- 
r dif- 


ing is 
cake 
, 


ordi- 
wor- 


finest 


pped 

the 
ring 
ance 
yorld 
ling. 

ele- 
rela- 

our 
pro- 








ENGINEERS’ RESPONSIBILITY IN CIVIC AFFAIRS 


in engineering education—that this is 
the responsibility of others. 

I am one of those engineers who be- 
lieve with Richard Cabot, in his “What 
Men Live By”—a book much read dur- 
ing and after World War’ I—that there 
are four essential elements in the well- 
rounded life—Work, Play, Love, Wor- 
ship. 

No matter how perfectly we plan 
this core of study designed to build up 
a sense of civic responsibility in our 
engineering graduates, it will not be 
completely effective unless or until that 
Divine discontent within drives him 
out and beyond ‘the narrow confines 
or boundaries of his profession, and 
compels him to use his engineering 
gifts to work with others for the good 
of the community of which he is a 
part. 
I am not suggesting here that the 
engineering school, much less this “core 
of study,” should assume the Sunday 
School function. On the other hand, 


I am sure our colleges and universities 
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must assume more and more responsi- 
bility for religious instruction and not 
relegate it completely to the Student 
Y. M. C. A. and/or the more safely 
remote Divinity School. 

Let us remember that citizenship 
responsibility has its vital roots deep 
within the Christian fundamental “Love 
thy neighbor as thyself.” 

Our material growth has been and 
continues to be rapid and far-reaching 
—our research laboratories pour forth 
advances in pure Science, new devices, 
new processes. For the years of Peace 
just ahead could we ever better afford 
to divert some of the precious time 
available to training Engineers for di- 
rect responsibility of citizenship? 

What value has all this material 
progress if by reason of neglect or in- 
difference we train Engineers who are 
unmindful of responsibilities of citi- 
zenship ? 

What doth it profit a nation if it 
gain the whole world and lose its own 
soul ? 








Post-War Planning for Engineering Education * 


THE OUTLOOK FOR ENGINEERING 
EDUCATION 


War is a destructive process as is 
most evident on the field of battle. Its 
casualties, however, are not confined 
to the broken bodies of men in the 
field, to the twisted wreckage at the 
bottom of the sea, and to the blackened 
ruins of military objectives. It leaves 
its mark on everything with which it 
comes in contact. This war involves 
all of mankind and its institutions. As 
an institution which claims our major 
attention, engineering education has no 
special immunity from the scourge. 

In institutions such as engineering 
schools the elements of destruction 
tend. to be insidious. Unless we pause 
to take stock of our situation, we may 
even mistake retrogression for prog- 
ress. We could compile quite a list of 
steps taken in the necessity of win- 
ning the war which must be retraced 
if we are merely to regain the position 
we had at the outset of the conflict. 
Let us name just a few. Our programs 
have been accelerated far beyond the 
point of maximum effectiveness in the 
ultimate training of our students. We 
are accepting younger students for 
training, which means that they do not 
possess the maturity of mind and the 
background of experience which here- 
tofore we could take for granted. We 
have abandoned some of the time-tested 
methods of gauging progress, such as 
the final examination. Our curricula 


* Report to Dean A. A. Potter of Purdue 
University on February 5, 1943, by the En- 
gineering Committee on Post-War Planning. 


and courses are being gradually altered 
to adapt them to the subject matter of 
war-time effort as contrasted with our 
former predominant emphasis on men- 
tal training. 

Let us not be misled by the promise 
of a bright new future to emerge from 
the conflict : of better automobiles, aero- 
planes, and shower curtains to come out 
of the war-time laboratories; of im- 
proved institutions to grow out of the 
experience with war-time agencies ; and 
of the four freedoms to be bestowed as 
the result of victories at arms. To 
be sure, these things may become pos- 
sible—in fact, that is what we are fight- 
ing for—but they will become realities 
only if we are able to make them s0. 
Defeat of our enemies is the first and 
most important step, but that alone 
will not attain our objective, regardless 
of the enthusiasm or tenacity with 
which it is pursued. To attain any 
worthwhile goal, we must first plan our 
work, and then we must work our plan. 


CoNDITIONS AT THE END OF THE WAR 


When we turn to post war planning, 
our first tendency is to say, “Let us win 
the war and then plan the peace. How 
can we make any reasonable post-waf 
plans when we do not know when the 
war will end or what the state of affairs 
will be at that time?’ The error im 
this point of view is obvious. When 
the war ends, the affairs of the world 
will not recess for a period of months 
while vast plans are made for the bright 
new future. Men will go right om 
working with the means at hand to 
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POST-WAR PLANNING FOR ENGINEERING EDUCATION 


make a living ; institutions will continue 
to the best of their abilities to improve 
the lot of mankind; and governments 
will proceed within whatever limita- 
tions are imposed upon them to pro- 
mote the welfare of their constituents. 

The success of these various efforts 
will depend largely then, as now, upon 
the degree to which they are directed 
toward the intended objectives. If no 
plans are made in advance, expediency 
of the moment will rule and we can 
expect a period of futility and frustra- 
tion; if complete and intelligent long- 
range plans could be put into effect uni- 
versally we might expect most of the 
ills of the world to vanish and see man- 
kind emerge at last into the age of uni- 
versal good will and well being. We 
know, as a matter of practical realism, 
that the actual state of affairs will be 
somewhere between these two ex- 
tremes, and that the extent to which 
our objectives are realized will depend 
upon the degree to which we are able 
to formulate and carry out intelligent 
plans to secure them. 

How can we make plans when we 
know so little about the period for 
which we are planning? First of all, 
let us take note that all plans inher- 
ently deal with the future and that at 
no period can the conditions of the fu- 
ture be looked upon as matters of cer- 
tainty. We must always base our judg- 
ments for the future upon probabili- 
ties rather than strict matters of fact. 

The chief difference between plan- 
ning at this time and the planning we 
have done heretofore is that the uncer- 
tainties involved are greater. Some- 


times it seems they are so great as to 
be almost equivalent to ignorance of 
the future, but a detailed study reveals 
that there are quite a few definite 
statements which can be made with a 
fair degree of certainty regarding the 
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period following the war. Now, con- 
fining our attention to those matters 
which will have some bearing on engi- 
neering education at that time, we find 
the following statements reasonably 
well justified : 


1. Immediately following the war, 
there will be a period of rapid change 
in which the country will try to turn 
away from war-time pursuits and go 
back as quickly as possible to the af- 
fairs of peace. 

2. At the time the war ends, the en- 
gineering schools will have a consider- 
ably different kind of student body 
than that with which they entered the 
war, and it will be composed mainly of 
special groups preparing for specific 
war services. 

3. The pre-war curricula and educa- 
tional procedures will have been aban- 
doned or greatly altered in the interests 
of the emergency. 

4. The efforts to return to the long- 
range objectives of engineering educa- 
tion will be beset by many difficulties, 
especially by the pressure to proceed 
at once to meet the needs of the time. 

5. There will be an unprecedented 
problem of demobilization of the vast 
armed forces of the country, and it 
may be assumed that the universities 
will be called upon to absorb large 
numbers of them, temporarily. 

6. The emphasis on technical edu- 
cation will have been increased by the 
technical nature of the war. 

7. Various special technical training 
projects such as the ESMWT will 
have developed extensively and may 
be expected to continue in some form. 

8. The public will still be uninformed 
regarding the distinction between voca- 
tional and professional training; in 
fact, it seems likely that the operation 
of war-time specialist training pro- 
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grams will have heightened the mis- 
conceptions in this regard. 

9. There will be a depletion of and 
consequently a great demand for con- 
sumer goods; a scarcity of productive 
facilities to supply these goods; and a 
dearth of technically trained men to 
convert the factories back to peace-time 
production. 

10. The economic system will be in 
a condition of dislocation, characterized 
by the existence of large purchasing 
power in the form of government se- 
curities without an adequate supply of 
commodities to absorb it. 

11. The foregoing conditions will 
tend to increase the demand for higher 
education, and may well result in swol- 
len enrollments, drawn not only from 
the military forces, but also from the 
civilian population. 

12. As a result of the economic dis- 
locations as well as the dislocations in 
the public school system, the problem 
of non-homogeneity in the student 
bodies of engineering schools may be 
expected to be even more difficult than 
it has been heretofore. 

13. The various staffs will have been 
depleted of their experienced teachers 
by the inroads of the war effort. 

14. The opportunity for America to 
take the leadership in world affairs will 
present itself, and there will be sugges- 
tions that the training of engineers be 
altered to prepare them for this 
function. 

15. There will be numerous changes 
in technical goods and services as a 
result of war developments, such as the 
extension of aerial navigation, the ad- 
vances in chemical and metallurgical 
arts, and the obsolescence of consumer 
goods in general. 

16. The emphasis on the social im- 
plications of the work of the engineer 
will be increased. 
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17. The importance of scientific 
management and labor relations will 
call for greater attention to thes 


* matters. 


18. The university research pro 
grams will have received added imeptus 
due to their contributions to the war 
effort. 

‘19. There will be a vast bureaucracy 
in power at the end of the war, which 
will continue to make its influence felt 
in the affairs of the engineering 
schools. 

20. The extension of government 
activities into technical fields will have 
created a demand for technical men 
trained specifically for government 
service. 

21. An extensive program of public 
works is likely to appear at the close 
of the war, especially to bridge the gap 
between all-out war production and full 
scale peace-time production, which 
would enable those institutions with 
definite plans to improve their physical 
facilities. 


This is a partial list. It mentions 
only part of the things in which we 
have some confidence at the present 
time. Also it refrains from mention- 
ing other things of which we have no 
adequate basis of judgment, such as the 
length of the conflict, the degree of ex- 
haustion at the end of the war, and the 
terms of the peace. All of these things, 
both in broad outline and in minute 
detail, will have their effects on our 
plans. 

Clearly we are not justified in de 
signing in blue-print fashion the details 
of each of the plans which is associated 
with these conditions. These are mat- 
ters which must be decided at the 
proper time. If we can keep clearly i 
mind the broad outlines of the struc 
tural plans within which the individual 
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plans are to fit, the basic objectives 
which they are intended to attain, and 
the general policies to be followed in 
attaining them, then we will be in a 
position to formulate the details as 
parts of a coherent whole. 


THE OBJECTIVE IN ENGINEERING 
EDUCATION 


No plan can be very effective unless 
its aim is clearly understood. The in- 
dividual person may be fairly success- 
ful in attaining a goal which he has not 
defined in words if his mental concept 
is clear, because he alone is concerned. 
On the other hand, an organization or 
institution must have a definitely stated 
aim, because large numbers of people 
are involved, and their efforts should 
all be directed in the same general di- 
rection. In fact, the aim must be re- 
stated over and over again, in as many 
ways as possible, because under the 
stress of daily occurrences we tend to 
deviate gradually from a fixed idea. 

Just what is the aim in planning for 
engineering education? In a period 
of retrogression, the normal tendency 
is to try to regain lost ground. This 
is equivalent to defining our objective 
as the status quo at a given time, such 
as the beginning of the war. If at the 
time chosen we had attained the height 
of perfection, then this would be a 
proper goal. No time need be wasted 
on this point. We are all aware of 
many shortcomings in education, both 
now and heretofore. Furthermore, if 
we tacitly accept the former status quo 
as our objective, we shall inevitably 
arrive at a lower plane. Let us make 
every effort to avoid this pitfall. 

In engineering education, we are 
fortunate in having an established, ac- 
cepted, and well-stated objective. Thus 
we do not find it necessary to cast 
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about in a time of stress for a new 
basis of planning. It is not necessary 
for us to make snap judgment of our 
major shortcomings, based on personal 
opinions. They have been thoroughly 
investigated on the basis of facts, in 
the true engineering method, at a time 
when such objective and orderly inves- 
tigations could be thoroughly and ade- 
quately made. As stated by the As- 
sociate Director of these investigations, 
H. P. Hammond, there is “doubt 
whether any other more comprehen- 
sive, or more fruitful endeavor has 
ever been undertaken and carried 
through in any division of education, 
not even excepting medicine.” They 
are the Investigations of Engineering 
Education conducted by The Society 
for the Promotion of Engineering Edu- 
cation, and their results are published 
as the “Report of the Investigation of 
Engineering Education,” a bound vol- 
ume which appeared in 1934. Here 
are to be found the factual statements 
of the shortcomings of engineering 
education before the war, and the ac- 
cepted objectives of the plans. They 
are, in general, aims which are as valid 
for post-war planning as they were for 
pre-war planning. It remains only 
for us to adapt and reaffirm them, and 
to make our plans accordingly. 

What are the specific aims indicated 
by this investigation, and what short- 
comings does it reveal? Obviously a 
complete digest of the many reports 
involved which were merely sum- 
marized in the report of text-book size 
mentioned above is beyond the scope 
of our report. We can easily quote 


‘the keynotes. They are repeated again 


and again in different forms in the 
various studies which were made. 
They are perhaps best stated in the 
Final Report of the Chairman of the 
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Board of Investigation and Coordina- 
tion, Charles F. Scott, as follows: 


“An undergraduate course should equip 
wholesome and qualified youth with a 
basic acquaintance with science, famili- 
arity with engineering methods, and an 
appreciation of social relations. These 
should be codrdinated in time and in 
content and brought to a focus during 
the last year upon the student’s major 
subject.” 

“Our engineering colleges are attempt- 
ing too broad a field, handicapping their 
true function.” 

“Engineering education can cope with 
enlarging responsibility to society and in- 
creasing exactions of professional prac- 
tice by enhancing its own distinctive 
qualities rather than adding unrelated ele- 
ments from without. Emphasis on hu- 
manistic subjects for enriching the con- 
ception of engineering and its place in the 
social economy, a more connected and 
better grounding in engineering princi- 
ples, and greater capacity for self-directed 
work may all be gained at the expense of 
unrelated studies and detailed training 
in technique. The latter should find place 
in post graduate and post scholastic 
courses.” “For better engineering educa- 
tion we must look to better balanced cur- 
ricula, better selection of students, better 
teachers, better methods, better subject 
matter and better advanced training rather 
than changes in educational organization.” 


This is not a superficial study which 
ends up by whitewashing the profes- 
sion and advocating the status quo. 
Instead it concludes with words of wis- 
dom based on facts. Furthermore, we 
recognize that the general policy advo- 
cated is precisely the one which we 
have been approaching for the past ten 
or fifteen years to make engineering 
education more effective. The impor- 
tant thing is. to see to it that we do not 
deviate from major policies in this 
period of stress except to benefit by 


some apparent lessons of such a major 
catastrophe. 


THREE Basic PROBLEMS AND 
SUGGESTED POLICIES 


How do these principles apply to our 
situation as it appears now and as it is 
likely to present itself at the end of the 
war? Let us consider briefly a few 
basic problems, and try to resolve them 
on the basis of the findings of this 
organization. 


1. The Curriculum and Course Content 


We see continual changes being 
made in our curricula and courses to 
adapt them to the emergency. These 
changes are necessary, but unfortu- 
nately most of them do not lead in the 
direction of our long-time aim. 

There is the pressure to include all 
sorts of subject matter which seem im- 
portant to special groups, such as 
courses on governmental procedures, 
cultural courses dealing with foreign 
lands where graduates may be called 
upon for service, specialized courses in 
economics to prepare our engineers to 
solve the economic ills of the world, 
and numerous technical courses dealing 
with such specializations as application 
of the new light metals to industry, the 
operation and maintenance of high- 
frequency communication equipment, 
and the application of various indus- 
trial processes. There is the pending 
program of crowding the technical 
courses into the first four terms, which 
is justified on the basis of military ex- 
pediency, but is not in accord with the 
best practice of mental training as 
stated above. There is the general 
tendency in established courses to em- 
phasize techniques at the expense of 
basic principles and methods of 
thinking. 

The general trend of these changes 
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is to substitute the objectives of the 
technical institute for those of engi- 
neering education. In the interest of 
national safety, it is our duty to pro- 
mote such changes as are needed at 
the moment; but we should be on the 
alert to evaluate their long-time effects, 
and we should be prepared to return 
as quickly as possible at the termina- 
tion of the conflict to the policy stated 
by the Society for the Promotion of 
Engineering Education Committee 
“that the engineering curriculum must 
confine itself to presentation of the 
fundamentals, excluding topics that are 
not immediately essential.” 


2. The Student Body 


The problem of adaptability of our 
students to their training is not new, 
but it is aggravated by present condi- 
tions. The Report states that “the 
basis upon which students make their 
educational choice is wanting in an 
understanding of what engineering is 
and the type of man suited to an engi- 
neering career.” The current emphasis 
on war-time production merely height- 
ens this misconception. In addition, 
we have the’ problem‘of students who 
are immature in training and experi- 
ence coming to us as the result of accel- 
erated programs. At the end of the 
war we shall undoubtedly be called 
upon to give engineering training to 
large numbers of service men whose 
experience and point of view will be 
widely divergent from that of their 
classmates. 

Can such a diverse group be given 
satisfactory engineering training on 
common ground? That depends upon 
the standards which we try to main- 
tain. If no special steps in selection 
are taken the standards must inevitably 
drop or the mortality rise. The most 
realistic step in the solution of this 
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problem would seem to be the develop- 
ment of adequate admission require- 
ments in forms such that they could be 
put into effect immediately when the 
opportunity presents itself. Quoting 
again from the Report of the Society 
for the Promotion of Engineering Edu- 
cation Committee, “it is a duty of engi- 
neering colleges to the profession to 
attract and admit qualified students, 
and to reject the undesirable and un- 
fit.” “Placement examinations are 
valid instruments for predicting scho- 
lastic achievement.” We might add 
that if such examinations are to serve 
our purpose, they must be so consti- 
tuted that they do not merely predict 
the ability of the prospective student to 
do work on the college level, but also 
indicate his adaptability to engineering 
training. 

Regardless of the admission proce- 
dures which are applied, we will still 
have the problem of scholastic mor- 
tality. When we consider that here- 
tofore only about forty per cent of the 
students who enrolled have succeeded 
in securing their engineering degrees at 
the end of the four years, we realize 
the enormous human waste involved. 
Current conditions will make it more 
severe unless adequate steps are taken 
to offset them. 

Must we send all these students away 
with the brand of failure stamped upon 
them? Isn’t there something we can 
do to salvage these important human 
resources and to send them out with 
their personal confidence restored? 
We think there is. The great majority 
of these students find themselves in 
trouble because they have been lured 
into a level of training beyond their 
aptitudes by the popular obsession for 
the college degree. Many of them 
visualize themselves doing the work of 
a technician when they enroll, with- 
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out realizing the distinction between the 
work of the technician and that of the 
engineer. Many are logical candidates 
for the type of training given in tech- 
nical institutes, and if they could follow 
this training through to its conclusion 
in the school of their first choice, they 
would emerge with an attitude of suc- 
cess and satisfaction rather than one 
of failure and frustration. 

The development of technical insti- 
tutes of this nature must be done with 
caution. If such technical institutes 
are to be operated as mere salvage de- 
partments and given the status of a 
foster brother they are doomed to fail- 
ure. If they are to be operated and 
administered by the engineering staff 
as part-time work, they will not be suc- 
cessful in presenting the desired voca- 
tional point of view. The studies show 
that such projects are successful if they 
train men in the technology of specific 
industries, such as instrument making, 
foundry practice, power plant opera- 
tion, and so on. Such institutes center 
their instruction on the actual doing 
of the intermediate technical tasks of 
such specific industries, and as such 
they require the services of those men 
who have become thoroughly familiar, 
through industrial experience, with the 
industries which they represent. 

With the development of extensive 
war training organizations operated in 
conjunction with the engineering 
schools, such as the ESMWT, we have 
made available an agency which can, 
with proper handling, be adapted to 
this need. Through its close contacts 
with war-time industry and its employ- 
ment of industrial personnel as teach- 
ers it has acquired a knowledge of the 
needs of industry, and through its con- 
tact with thousands of students it has 
discovered their adaptabilities to these 


needs. For our purposes, however, it 
needs to concentrate its objectives on 
a few well-chosen industries, and we 
need to elevate its status to its true 
position of importance. If we make 
known, for instance, the fact that in- 
dustry needs about three men trained 
in this way for every one having a col- 
legé degree, and that the study showed 
that “earning power of a group of 
1,000 two-year technical graduates is 
within about 5 per cent of the earnings 
of a large group of four-year college 
graduates,” we may expect the reluc- 
tance of students to enter this type of 
training to vanish. Then if we pro- 
vide suitable recognition to such stu- 
dents in the form of appropriate cer- 
tificates of accomplishment, we may 
expect them to leave the university 
with a feeling of success, prepared to 
contribute to a genuine need of 
industry. 


3. The Teaching Staff 


Depletions in the regular teaching 
staffs as the result of the war effort 
will render our task more difficult, 
especially if there is a large increase in 
enrollment at the end of the war. If 
there is an influx of large numbers of 
students, rapid staff additions will be 
required. In the haste to fill vacancies, 
there will be great danger of loading 
up the staff with mediocre and even in- 
competent teachers. Every effort 
should be made to maintain an ade- 
quate staff of experienced teachers to 
serve as a nucleus around which the 
post-war staff can be built. When new 
members are recruited, care should be 


taken to see that they have not merely 


the proper educational training but also 
have those qualifications which enable 
them to carry the program of engineer- 
ing education forward effectively. 
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WorKING THE PLANS 


How shall these long term plans be 
put into effect? Obviously they can- 
not be worked out in detail and laid 
upon the shelf to be taken down and 
applied the instant victory is declared. 
Even though we find it necessary to 
give ground from time to time, it is 
nevertheless our duty to our students, 
to the profession, and to the public to 
see to it that we do not depart from 
our long-range objectives. If these are 
kept clearly in mind, the dislocations 
can be minimized, and we can be ready 
with preparations to take advantage of 
favorable conditions when they present 
themselves. 

As expressed in a statement issued 
from the United States Office of Edu- 
cation: “Long-range educational plan- 


ning can be sound and effective only 
if the daily contemporary educational 
program is an integral realization of 
the long-term plan. Long-term educa- 
tional planning therefore will be rea- 
lized only if the existing conditions and 
the contemporary program are moving 
toward the long-range objectives. 
Long-term planning must serve as the 
evaluative criteria for existing educa- 
tional programs and stimulate the re- 
vamping of the contemporary program 
to the long-term goal.” 
The Committee : 


L. E. Becx, Chairman, 
D. S. CLarK, 

C. S. CuTSHALL, 

H. F. Owen, 

R. J. RAUDEBAUGH, 

G. P. SPRINGER. 








Aeronautical Relationships with the E. C. P. D.* 


By HOWARD W. BARLOW 


Professor and Head of Department of Aeronautical Engineering, 
A. and M. College of Texas 


In discussing the aeronautical rela- 
tionships with the E. C. P. D., I will 
direct my remarks along the following 
channels : 


(1) the relationship of the inspect- 
ing committee to the institution 
being examined for accrediting ; 

(2) the desirability of maintaining, 
in the post-war era, the present 
sound policy of the committee 
on engineering schools in the 
light of industry’s experience 
with short term, intensive, ter- 
minal courses; 

(3) maintaining the integrity and 
individuality of the aeronauti- 
cal engineering curriculum as a 
professional curriculum and es- 
tablishing our relationships with 
the E. C. P. D. on a more rep- 
resentative basis. 


At the present time there are four- 
teen fully accredited curricula in aero- 
nautical engineering and twenty-six 
options under accredited curricula. 
All of the latter are given as options 
under the Mechanical Engineering cur- 
ricula. 

One of the most important relation- 
ships existing between the E. C. P. D. 
and the institution applying for ac- 
crediting in aeronautical engineering is 
the composition of the Inspection Com- 


* Presented at the Fiftieth Anniversary 
Meeting, S. P. E. E. (Aeronautical), Chi- 
cago, Ill.,. June 18-20, 1943. 


mittee. I can say from personal ex- 
perience as well as from having dis- 
cussed the matter with other institu- 
tional representatives whose curricula 
have been accredited that, for the most 
part, these relationships have been ex- 
tremely pleasant and profitable. How- 
ever, there is one item which, if cor- 
rected, should result in an improve- 
ment in the accrediting procedure. In 
many instances none of the members 
of the examining committee has been 
sufficiently familiar with the field of 
aeronautical engineering and aero- 
nautical engineering curricula. 

There was no criticism of any in- 
spection that was made in those in- 
stances with which I am familiar; the 
examination was fair, complete and 
constructive, but I wonder if the in- 
stitution being examined did not fail 
to receive the benefit of additional con- 
structive criticism which might have 
been offered had at least one member 
of the committee been intimately fa- 
miliar with the aeronautical field. 

In instances where the committee 
make-up does not include aeronautical 
engineers there is a great tendency to 
judge the curricula in a general sense, 
on the basis of the experience of, of 
existing curricula in, other schools; 
that is, “from second hand informa- 
tion,” rather than on the basis of im- 
mediate personal knowledge. 

One of the functions of the examin- 
ing committee is to render construc- 
tive assistance to the institution apply- 
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ing for accrediting. In a great many 
cases, much good has come from the 
fact that this outside committee has 
been able to present to the administra- 
tion of the institution detailed informa- 
tion and criticism which, when reme- 
died, has resulted in extensive im- 
provement in the curricula being ac- 
credited. The effectiveness of outside 
criticism from well-qualified and well- 
informed inspectors cannot be overesti- 
mated and should generally result in 
the improvement of situations which 
the department head has been unable 
to remedy because of the general tend- 
ency of college administrations to 
maintain the status quo. 

The policy of the E. C. P. D. seems 
to be at present not to encourage fur- 
ther accrediting; at least it has dis- 
continued the reéxamination and re- 
accrediting procedure which was to 
have been conducted beginning last 
year. It is probably doubtful if there 
will be many institutions accredited 
until the end of the war because of the 
loss of students to the Armed forces 
as well as the influx of various Armed 
forces training programs. In view of 
this, any comments relative to the 
basis for accrediting curricula should 
be restricted to a discussion of the 
post-war period. 

I believe that it would be wise, in 
the post-war period, to maintain the 
sound basis for accrediting which has 
proved so effective thus far. By this I 
do not mean the establishing of a re- 
actionary policy demanding no change, 
but rather a progressive plan looking 
far into the future. Actually, this is a 
restatement of the basic policy of the 
committee on engineering schools and 
I quote from Page 6 of the Tenth An- 
nual Report, “—the avoidance of rigid 
standards as a basis for accrediting in 
order to prevent standardization and 
ossification of engineering education 
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and to encourage well-planned experi- 
mentation.” This policy is significant 
in view of the many changes which are 
indicated by present trends, and what- 
ever the make-up of the committee on 
engineering schools, this sound policy 
should be adhered to. 

In line with this it is expected and 
hoped that a number of major altera- 
tions will be made in our curricula as 
a result of the impact of the war and 
the revisions which we are now find- 
ing necessary in view of changing 
methods of production and design. I 
should like to point out a few obvious 
examples. The shortage of skilled 
help and the necessity for the rapid 
training of shop personnel has resulted 
in the development of what is known 
as “production illustration,” where the 
various parts to be manufactured are 
not shown on blueprints using the 
conventional orthographic projection 
methods, but are illustrated by ex- 
ploded views and perspective drawings 
which portray clearly and simply the 
information which the shop man needs. 
As another example, I believe that we 
must give more attention to the matter 
of “product design.” There are few 
curricula, if any, where any attention 
is given to this item. Normally, I 
suppose it would come in the course 
which we might call “aircraft detail 
design.” Some institutions now have 
this course as a technical elective. 

Present indications point out a de- 
sirable increase in the length of train- 
ing for special fields, such as advanced 
aerodynamics, advanced structures and 
the like, which would follow the basic 
courses of the four year curriculum. 
These basic courses, however should 
be closely related to the aircraft field. 
I do not believe that the education of 
an undergraduate aeronautical engi- 
neer should include laboratory courses 
on steam engines when courses in in- 
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ternal combustion engines and in air- 
craft engine operation could just as 
well be offered. I believe that it is 
just as easy to teach a course in air- 
plane structures as it is to teach a 
course in bridge structures with the 
hope that the student will be able later 
to make the transition from the use of 
empirical to. the use of rational form- 
ulas and the transition from the use of 
low carbon steel and working loads to 
the use of aluminum alloys and ulti- 
mate loads. I believe that it is just as 
easy to teach aircraft detail design as 
it is to teach machine design. 

Many of these changes will be 
brought about as a result of the E. S. 
M. W. T. program. However, the 
policy of substituting short, intensive, 
terminal courses for fully rounded cur- 
ricula is not consistent with the proper 
development of the engineer as an in- 
dividual. This development is one of 
the major functions of the E. C. P. D. 
and future curricula should carefully 
guard against a retreat from this 
principle. 

A fundamental problem, and one 
which has given me concern ever since 
the inception of the E. C. P. D. pro- 
gram, is the lack of representation of 
the aircraft industry, or aeronautical 
societies, or aeronautical institutions, 
on E. C. P. D. committees. I was 
amazed to find that there was not a 
single aeronautical engineer, as such, 
on the many committees of the E. C. 
P. D. It is hoped that we have con- 
cluded our arguments about whether 
or not aeronautical engineering is a 
profession itselfi—that it is as differ- 
ent from mechanical engineering, or 
electrical engineering or civil engineer- 
ing as they are from each other, al- 
though it may embrace many features 
common to these other fields. 

The growing importance of our pro- 
fession is recognized by many states 
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through their various Boards for Reg- 
istration for professional engineers. | 
feel that adequate representation should 
be accorded to this field in proportion 
to this increasing importance and _ be- 
cause of the powerful effect which it 
will have on the progress and develop- 
ment of civilization. 

We have in this country no such 
thing as the American Society of Aero- 
nautical Engineers. There is no aero- 
nautical organization that deals with 
the human problem and the individual 
engineer, such as does the American 
Society of Civil Engineers, and the 
American Society of Mechanical En- 
gineers in their respective groups. I 
feel that such a society is necessary 
and desirable and its lack is the fault of 
ourselves as well as of the aircraft in- 
dustry, I am not convinced that any 
other society composed principally of 
electrical engineers, or civil engineers 
or mechanical engineers, is qualified to 
deal with the needs of the professional 
aeronautical engineer. 

The wartime period may not be the 
proper time for discussing the creation 
of such an organization. However, 
we had better be thinking about it, and 
I expect that most of you have given 
such a proposal considerable thought 
in the past years. Whether this end 
can be obtained by the creation of a 
new technical society or whether it 
might be reached through the estab- 
lishment of a branch or an affiliation 
with an existing organization, I am 
not prepared to say at the present 
time. Nevertheless, I believe that this 
is an important item as far as the aero- 
nautical relationships with E. C. P. D. 
are concerned. When the aeronauti- 
cal profession is as well recognized as 
other professional engineering groups 
then, and only then, will we achieve 
the desired degree of satisfactory re- 
lationship with the E. C. P. D. 
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Aeronautical Education in Light of Experience at 
Naval Aircraft Factory * 


By LT. L. R. PARKINSON 
Raleigh, N. C. 


In the present day of infinite num- 
bers of reports and the emergency of 
war, it is important that the first para- 
graph of each report contain a sum- 
mary in order that the reader will not 
waste time briefing through many sub- 
jects in order to find out that the ma- 
terial is of no immediate interest. 
This is particularly important at the 
Naval Aircraft Factory where we re- 
ceive reports covering every conceiv- 
able subject from fishing from a rubber 
life raft on the international date line 
to the theory of electronics. Follow- 
ing this procedure, I will state that I 
do not recommend any change in the 
present aeronautical engineering cur- 
ricula by virtue of experience at the 
Naval Aircraft Factory. 

Now that does not mean that some 
changes might not be beneficial. 
There are undoubtedly changes which 
would be most desirable, but no more 
to the Naval Aircraft Factory than to 
the industry in general. The Naval 
Aircraft Factory has many functions 
under the Bureau of Aeronautics. It 
is a research and experimental organi- 
zation and even its production pro- 
gram is of a research nature. Con- 
gress decreed that the Naval Aircraft 
Factory must have a production pro- 


* Presented at the 50th Anniversary Meet- 
ing, S. P. E. E. (Aeronautical), Chicago, 
Ill., June 18-20, 1943. 


gram which could be used by govern- 
ment agencies as a yardstick for the 
measure for private industry. Every 
piece of aeronautical equipment used 
by the Navy must undergo tests and 
be accepted by the Naval Aircraft 
Factory before it is placed in service. 

The personnel may be divided into 
two distinct classes, naval and civilian. 
The bulk of the engineering work is 
done by civil service employees, the 
naval personnel acting largely in a 
supervisory capacity. As far as aero- 
nautical engineering education and the 
naval personnel are concerned, the col- 
leges are not in a position to train 
men for every duty which might be 
assigned by the Bureau of Personnel. 
Certainly not even the often men- 
tioned five-year curriculum could en- 
compass all the possibilities. Except 
for a more thorough exposure to the 
basic engineering subjects I can see 
no need for change in the current aero- 
nautical engineering curricula as ap- 
proved by the E. C. P. D. It appears, 
consequently, that we must omit the 
service personnel from consideration. 
Inasmuch as the percentage of naval 
officers in the engineering department 
is small, no appreciable error will be 
made. 

Much has been said about liberalism 
in aeronautical engineering and apart 
from the so-called cultural reasons 


395 





nas ess Toe eek oo: Ie Saas 


| 





396 AERONAUTICAL EDUCATION 


advanced by the liberal arts depart- 
ments, the main reason is that there 
is no way of telling in which phase of 
aeronautical engineering the graduate 
will eventually take his place. We all 
have had students tell us that the 
curricula should contain more fluid me- 
chanics and simply because that par- 


ticular student is very actively involved 


in the design of hydraulic systems. 
His classmate will probably say that 
he never uses the fluid mechanics, and 
he thinks that in its place should be 
more on ballistics. If all such com- 
ments from all the graduate aeronauti- 
cal engineers were added up to a total 
number, it still would not equal the 
possibilities of comments from engi- 
neers at the Naval Aircraft Factory. 
Certainly we have every phase of aero- 
nautical engineering known to the in- 
dustry and perhaps a few more. 

With so many opportunities how 
can any college be expected to produce 
aeronautical engineering graduates ca- 
pable of filling any one of the many 
positions, especially when the factory 
always reserves the right to place the 
man where he is needed most at any 
particular time. Obviously, it is im- 
possible. As a matter of fact, any 
aeronautical graduate coming into the 
engineering department of any of our 
large aircraft manufacturers must con- 
tinue in the roll of student for many 
months. The same applies to those 
entering the service of the Naval Air- 
craft Factory. Should the engineer be 
assigned to the ordnance section, an 
interest in the work and a period of 
indoctrination will enable him to carry 
out the assigned project, providing he 
has had a thorough background in the 
rudiments of engineering. 

At the present time the qualification 
most needed is experience. The Naval 
Aircraft Factory is no exception to 


other organizations in this respect. 
This is a fact well known to all edu- 
cators, but unfortunately it is a quali- 
fication which is in greater need than 
ever before. Because of inexperi- 
enced help in the shops, more engineer- 
ing knowledge is required. This takes 
time from design projects which also 
need the services of the experienced 
engineer. 

If I were recommending any change 
in the aeronautical curricula it would 
be in the line of experience. It would 
seem possible that a little more prac- 
tical work might be introduced into the 
curriculum even at the expense of the 
theoretical. I would estimate that not 
over three per cent of the aeronautical 
engineers are engaged in aerodynamics 
or stress analysis and, in any case, for 
that type of work the normal curricu- 
lum should be supplemented with grad- 
uate study. The bulk of the engineers 
are faced with practical problems. For 
example, a contractor sends in some 
stringers which have the holes drilled 
in the wrong places and are too short. 
The factory can neither afford to hold 
up the production line until new ones 
are made nor to scrap the material. 
It is realized that a lot of small com- 
panies are now making airplane parts 
that formerly might have been produc- 
ing steam rollers. To produce the 
necessary number of airplanes we must 
use whatever sources are available. 
The problem is what are we going to 
do about the stringers. The experi- 
enced engineer would probably decide 
that the wrongly located holes could 
be filled up by flush riveting and the 
shortness might be corrected by splic- 
ing pieces on the end, picking up the 
holes that normally would be drilled 
in the skin. There would be: nothing 
to mar the outward appearance and 
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experience would tell the engineer that 
this method would be structurally sat- 
isfactory. This is a relatively simple 
problem, but it is one which baffles the 
average graduate because in his air- 
plane design classes he never dealt with 
anything but perfect material. An 
eraser corrected all errors. 

The materials of construction are of 
vital importance. Wood and plastics 
certainly deserve consideration in the 
curricula. We have learned new meth- 
ods of fabrication and construction so 
that a knowledge of metals is not 
enough. There are many materials 


which in the early days of the war were 
considered as substitutes. It may well 
happen that after the war, it will be 
the metals which will be the substi- 


tutes. Such a possibility is one that 
the educators should keep in mind 
when planning post-war curricula. It 
has been estimated that 95 per cent of 
our war-time developments are but new 
applications of prewar knowledge, but 
so many of these concern the field of 
aeronautics that we may find it neces- 
sary to revamp the course of study. 
Many graduates are amazed to find 
that what they had been told in class 
was impossible is being successfully 
accomplished at the Naval Aircraft 
Factory. However, adjustment to 
post-war practices will be a normal 
evolution and I will stand by the orig- 
inal statement that at this time I do 
not recommend any change in aero- 
nautical education. 
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Patents and Progress * 


By ARTHUR SIMON 
Patent Attorney and Engineering Consultant, Milwaukee 


During the last few years we have 
witnessed a great deal of discussion 
about patents and our patent system. 
It therefore behooves us as citizens to 
study the subject. This applies par- 
ticularly to the engineering profession, 
which together with industry will be 
exposed to the full impact of any 
changes in the patent law. I believe 
that the feeling of your program com- 
mittee of the necessity for such a study 
by engineers is the reason why I was 
asked to present this paper. 

Patents form an important link in 
our economic system and it is there- 
fore in order to discuss the basic prin- 
ciples of the patent system, what it has 
accomplished, and then to discuss in a 
general way the alleged defects and 
some Of the proposed remedies. 


REASON FOR PATENTS 


The Patent Law was created by 
Congress under a constitutional pro- 
vision, 

“to promote the progress of sci- 
ence and the useful arts by secur- 
ing for limited times to inventors 
the exclusive right of their dis- 
coveries.” 


It is in the language of Chief Justice 
Marshall : 

“the reward stipulated for the ad- 

vantages derived by the public for 


* Presented at the 50th anniversary meet- 
ing, S.P.E.E., Chicago, June 18-20, 1943. 
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the exertions of the individual, 
and is intended as a stimulus to 
those exertions. The public yields 
nothing which it has not agreed to 
yield; it receives all which it has 
contracted to receive. The full 
benefit of the discovery, after its 
enjoyment by the discoverer for 
17 years is preserved ; and for his 
exclusive enjoyment of it during 
that time the public faith is 
pledged.” 


ORIGIN OF Our PATENT Laws AND 
PATENT SYSTEM 


The tools which primitive man used 
were his property. If he made an axe 
it was his property only as long as he 
retained actual possession of it. If he 
left it lying about accessible to others 
and someone else took it, he could do 
two things. He either regained pos- 
session of the axe by force or he made 
another axe for himself. In other 
words, in primitive society physical 
control of a thing was the only way of 
owning property, and the stronger 
man could take from the weaker. It 
was early recognized that this was 
wrong and public conscience organized 
an effective sentiment against such 
forceful taking possession and evoked 
the theory of “title.” If a man has a 
title to a thing he came to it lawfully 
and cannot be deprived of it except by 
his own voluntary act or by operation 
of the law. Even primitive man, then, 
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recognized the necessity for preserv- 
ing ownership by prescribing punish- 
ment for the robber or the thief. 

The maker of the first axes, how- 
ever, could not keep anyone else from 
making a copy thereof for himself. 
In the early stages of man’s industry 
there was no need for preventing such 
copying of ideas, but as industry de- 
veloped and division of labor took 
place so that a certain individual went 
into the business of making axes ex- 
clusively and depended upon it for his 
living, he naturally wanted to keep for 
himself any improvement in axes which 
he invented, but there was no law by 
which anyone who bought an im- 
proved axe from the inventor could 
not make a copy thereof and be a com- 
petitor of the first inventor. Of course, 
the first inventor could keep the idea a 
secret. In other words, he could keep 
the ownership of the idea, but that 
would not help him in gaining his 
livelihood, nor would it help the users 
of axes. Thus it became recognized 
that a man should have a property 
right in his invention just as much as 
he has in the thing itself. The idea 
of the property right in inventions de- 
veloped rapidly at the stage in our eco- 
nomic development which brought 
about the division of labor and the 
factory system known as the Indus- 
trial Revolution. 

The Industrial Revolution coincides 
with the American Revolution. The 
latter emphasized the rights of the in- 
dividual; and the Constitution and the 
statutes based thereon gave the in- 
ventor not merely property rights, but 
also the right to own his ideas. The 
right of an individual to own his ideas 
is a natural right, but the government 


_ under the Constitution offers to the in- 


ventor a contract to protect him in the 
enjoyment of the benefits of his idea 


in exchange for an immediate disclo- 
sure thereof to the Public. The Gov- 
ernment does not give the right to 
manufacture or sell. Everyone had 
that right before the Constitution. 
What the government does through a 
patent is to give the right to exclude 
others from making, selling, or using 
an invention without the inventor’s per- 
mission. 

To obtain a patent a man must make 
public disclosure of the subject matter 
of his invention. After 17 years, dur- 
ing which his right to exclude others 
from the use of his invention continues, 
it becomes public property. Further- 
more, during these 17 years anyone 
may improve on the invention. This 
is often done so thoroughly, that long 
before the expiration of the patent it 
becomes commercially worthless with- 
out the improvement. 


Wuat Does A PATENT PROTECT 


The development of an invention 
into a marketable product is in most 
cases a slow and expensive process and 
the final success is by no means assured 
by prodigious expenditure of time, ef- 
fort and money. Without patent pro- 
tection the inventor or his financial 
backer would have no assurance that 
the commercial exploitation of the in- 
vention would return to him a reason- 
able compensation for his efforts, priva- 
tions and the risk which he takes. He 
would not even be assured of the re- 
turn of the money spent in developing 
the invention; much less of a profit. 
It is obvious that as soon as an in- 
ventor puts on the market an improved 
product without having any protection, 
competitors can copy that product and 
not having to recoup the cost of the 
pioneer work they can perfect the 
final design and can undersell the in- 
ventor and thus put him out of busi- 
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ness before the inventor ever has real- 
ized anything out of his invention. 


Waat Have Patents ACCOMPLISHED ? 


The patent system of this country, 
which has been adjudged by many ob- 
servers as the most stimulating of all 
the patent systems in existence, has 
contributed more than any other single 
factor to the development of this coun- 
try as the greatest industrial nation. 
A partial list of pioneer inventions 
from the beginning of this country to 
the present date will confirm this state- 
ment and the previous statement as to 
the necessity of protecting the strug- 
gling inventor and his financial backer 
against the acquisitive instinct of others 
who would attempt to take from the 
inventor the fruit of his labor by copy- 
ing his invention. 

The history of a few basic inven- 
tions with which you are familiar il- 
lustrates the point. In many cases a 
great deal of work and patience was 
required to introduce the invention to 
the public. In other cases large 
amounts of labor and money had to be 
spent before the invention was per- 
fected. In still other cases the in- 
ventor after having obtained a patent 
had to defend it at great expense in 
time and money before he reaped any 
real benefits. Among these basic in- 
ventions are the following : 


RN TED cic 5 dcp c.0  osis-sare Whitney 
IE Sain da Sisic eo vn magi Morse 
MEE Sha victas ols veer ye en McCormick 
MR ioe Wis clave Spats we Goodyear 
Sewing Machine ............ Howe 

OS i ee Francis 
ES eee Gatling 
25 obese ecb ea re Sholes 
ETTORE Teal een Meare Westinghouse 
SE ee Bell 
NEEL PEE Deere Edison 
So alia a < s:0s0 6 veins Mergenthaler 
Motion Picture Machine ..... Edison 


PRN Sha vig uiee'e Be 08 Ge Wright Bros. 


Ductile Tungsten ........... Coolidge 
Anti-knock gasoline ......... Midgely 
TRIE fino in o.oo np smite Zworykin 


_ These basic inventions have made 
large contributions to this country’s 
greatness. In addition there are the 
many thousands of improvement pat- 
ents, the cumulative effect of which 
has been equally great. They have 
given us the many consumer’s goods 
and services which have raised our ma- 
terial standard of living way above that 
of any other nation. The inventions 
of the tools which make possible the 
production of these consumer’s goods 
in vast quantities at ever decreasing 
costs despite improved quality is a trib- 
ute to the stimulating effect of the pat- 
ent system upon all of our economic 
and it may be added scientific activities. 

These primary inventions were in 
themselves rarely of practical useful- 
ness. Very often as with the tele- 
phone, airplane and vulcanized rubber, 
the principle on which they operated 
was not well understood and research 
scientists immediately set to work to 
investigate their theory of operation. 
This research led to new facts and 
theories which in turn supplied the 
inspiration for thousands of improve- 
ment inventions, which increased the 
usefulness of the basic invention and 
extended its general use. Without 
these improvement patents the original 
invention would ultimately have been 
abandoned and forgotten. Thus both 
basic and improvement inventions stim- 
ulate research and research in turn 
stimulates further invention. This mu- 
tual stimulus is very frequently not 
confined to the field of the original 
invention, but reaches into other fields 
which before may have had only little 
or no direct relation to the original 
field. 

Among the many products into which 
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the inventions of thousands of invent- 
ors have been built, are the radio, auto- 
mobile, moving pictures and the refrig- 
erator. You can think of many others. 
These things could not have been pro- 
duced and we could not have estab- 
lished in such a short time the splendid 
and almost unbelievable production rec- 
ords of the present struggle, if there 
had not been a collateral improvement 
in production tools. Among these im- 
provements are the welding of metals, 
the almost human automatic production 
machines, such as presses, multiple 
spindle lathes, automatic millers, shap- 
ers and grinders, and many more. 
Prof. Millikan recently pointed out 
that Technology and Science mutually 
benefit each other. New scientific dis- 
coveries lead to new inventions and 
inventions in turn provide improved 
tools for scientific research. 

Mr. Kettering stated recently that 
the cost of a precision built automobile 
at the beginning of the war was about 
twenty-five cents per pound, which 
should be compared with cost of pro- 
duction of our dairy products and their 
price to the consumer. Many of the 
items though produced by highly com- 
plicated processes, are obtainable at 
astonishingly low costs. Thus an elec- 
tric clock, an electric iron or a toaster 
can be bought for a couple of dollars. 
The cost of electricity is so low and 
the generation and distribution has 
been advanced to the point, where 
power is available to almost every 
home in the country. 


How Dogs THE UNiTED StaTEs Pat- 
ENT SYSTEM COMPARE WITH THE 
PATENT SYSTEMS OF OTHER 
CouNTRIES? 


In the United States the patent is 
granted to the first inventor and to the 
inventor only. A government fee is 


payable in two installments, the first 
upon application and the second upon 
allowance of the patent, and these are 
the only government fees collected dur- 
ing the life of the patent. 

The Patent Office makes an exam- 
ination for novelty ; and any prior pub- 
lication in this or in any other country, 
or any prior disclosure of or use in the 
United States except for one year prior 
use by the inventor, prohibits the is- 
suance of a patent. 


Great Britain 


There is only a limited examination 
for novelty. A preliminary specifica- 
tion may be filed prior to the comple- 
tion of the invention. The application 
is published prior to issuance and other 
parties may oppose the grant of a pat- 
ent. The term of the patent runs from 
the date of the application. An annual 
tax is levied to maintain the patent in 
force. The patent is granted to the 
one who files first, who is not neces- 
sarily the inventor. 


Germany 


The examination for novelty is simi- 
lar to that in the United States. The 
application is published prior to the 
grant of the patent to permit others to 
oppose the issuance of the patent. The 
patent runs from the date of the appli- 
cation. An annual tax is levied to 
maintain the patent in force. Patent 
infringement is a criminal, as well as a 
civil offense. The patent is granted to 
the one who files first, who is not nec- 
essarily the actual inventor. 


France 


There is no examination for novelty, 
but merely a registration or declara- 
tion by the applicant. The claim does 
not specifically define the invention. 
The patent runs from the date of ap- 
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plication. An annual tax is levied to 
maintain the patent in force. Infringe- 
ment of patents is a criminal as well 
as a civil offense. 

It will be noted that of all of the 
countries mentioned only the United 
States does not levy an annual tax to 
keep the patent in force. Germany 
and England publish the application 
prior to the issuance of the patent. 
Only in the United States does the 
term of the patent run from the date 
of issue, while elsewhere it runs from 
the date of application. 

The average number of patents an- 
nually granted in the different coun- 
tries is as follows: 


i Ro rn eee 48,000 
I oS Kis ann via» eedieeant 20,000 
Re ne ener 19,000 
I Sig aca. 5x axon merchant atts 19,000 
Se ors oii Sianaie a ocace ve sudiets 11,000 
CURRRSR EIT ED Sail 404 Mepiaca tia 9,000 
NS aaron ey eeee te 7,000 
NE tn. utc edn eae’ 7,000 


From this it will be seen that United 
States grants more patents than Ger- 
many and England, or Germany and 
France combined, which is a testi- 
monial of the ingenuity of our Ameri- 
can people. When we figure the num- 
ber of patents on a per capita basis we 
are still ahead of any other industrial 
country. 

We often hear it said that the Amer- 
ican patent system gives an unfair ad- 
vantage to foreign patentees. This 
also is disproved by figures. The per- 
centage of patents granted to foreign- 
ers in the respective countries is as 
follows: 


ee ee errr ee re ree 13% 
BN Sdixins Peobeecera dae a ion 24% 
COR Fein 3 Gnesi gxhivie ook aed 26% 
BR rs i oo So os 50% 
1 SR see OA ie Pare 52% 
DEEN Pee 56% 
MEME rasan cto wows te eteewe 64% 


As the U. S. market is the largest 
individual market for industrial prod- 
ucts in the world, it is quite natural 
that foreigners seek patent protection 
for their inventions in the U. S., and 
yet the percentage of patents granted 
to foreigners in the U..S. is only 13 
per cent, or less than half the per- 
centage granted to foreigners by any 
other industrial country. 

It is also interesting to contemplate 
that : 


423 per cent of the U. S. Patents 
granted annually are to individuals, 

35 per cent to small corporations, 

17} to large corporations, 

4 per cent to foreign corporations. 


Thus the total number of patents 
granted in the United States to foreign 
corporations is insignificant compared 
to the total. Also the number of pat- 
ents granted to individuals and small 
corporations combined is more than 
three-fourths of all the patents granted 
in this country, which hardly bears out 
the charge of monopoly of large cor- 
porations through patents. 


ALLEGED DEFECTS OF THE PATENT 
SYSTEM AND THEIR REMEDY 


Periodic agitation for reform of the 
patent system is as old as the patent 
system itself. No part of our legal 
structure is without defects and the 
agitation to reform the patent system 
is not unique. On the contrary, the 
patent system shares this agitation with 
all other branches of our statutory 
laws. 

Most of the proposals for reform 
oversimplify the reform problem. In 
fact those who talk loudest and ask 
for the most revolutionary reforms ap- 
pear to know the least about the sub- 
ject in general and the practical work- 
ing of the system in particular. They 
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often set up a phantom and then plead 
for a war of extermination against the 
phantom with all the emotional appeals 
which they can corral. That is ob- 
viously not the way to remedy any evil. 
A remedy to be successful must be 
based on a sound knowledge of the 
situation and a careful analysis of the 
possible effect of the proposed remedy. 

The President of the United States 
aware of the complexity of the problem 
has appointed the Patent Planning Com- 
mission which is comprised of eminent 
aud competent members who are study- 
ing the problem at the present time in 
all of its phases. It is my belief that 
no legislation for permanent changes of 
the patent laws should be passed until 
the report of that Committee is re- 
ceived. The reformers, however, are 
impatient and for political reasons are 
pressing for immediate action on some 
very radical proposals, which in the 
opinion of competent unbiased judges 
should not be passed. 

While at first blush it appears that 
some basic changes in our patent laws 
might be desirable, an unbiased study 
will show that most of the faults of 
our patent system are in the adminis- 
tration of the system rather than in 
the basic law. Let us examine some 
of the attacks on our patent system. 
There is the proposal to require pay- 
ment of an annual tax, such as is levied 
in other countries to keep a patent 
alive, in order to weed out the so- 
called “paper patents.” A paper pat- 
ent is supposed to be a patent which 
has not come into public use. Those 
who are for radical reform call any 
patent that has not come into public 
use a paper patent. But among these 
patents, are many which are ahead of 
their time, and which are the seed out 
of which a new art grows. They are 
not useless and restrictive patents. 


They cover inventions which cannot 
be commercially put into practical use 
because either the public is not yet pre- 
pared to use them advantageously, or 
because that branch of technology to 
which they belong has not generally 
advanced sufficiently far towards prac- 
tical applications. 

As soon as they are published these 
pioneer patents become the text and 
are the inspiration of other inventors 
who perfect on the original idea until 
ultimately technology catches up with 
the inventor of the basic idea, and it 
together with its improvements result 
in an article offered to and used by 
the public. 

I only wish to cite one example of 
a primary patent which has been in- 
strumental to release inventive thought 
in many directions. We are at the 
threshold of a revolutionary change in 
the supply, control and conversion of 
electric energy from one form into an- 
other, by means of electronic tubes 
which have been perfected in the last 
decade. The basic idea of these new 
systems is contained in early patents, 
some of which expired many years ago. 
Thus the control of electric motors by 
means of electronic tubes was invented 
before the last war and since that time 
many hundreds of patents have been 
filed to perfect the original invention, 
so that today all that is required is the 
perfection of tubes for specific appli- 
cations to bring about a complete revo- 
lution in the transmission and applica- 
tion of electric energy. 

Without a patent system and espe- 
cially without the requirement of a 
complete disclosure in the early basic 
patents the latter work would most 
certainly not yet have been done. The 
development of the large tubes re- 
quired for the application mentioned 
was initiated by the need for such tubes 
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indicated by these early patents. It is 
apparent that the basic idea generated 
others and extended the field of inven- 
tion and research in ever widening cir- 
cles. It is thus not extravagant to 
state that many primary patents which 
expire before being put to industrial 
use greatly advance our industrial de- 
velopment. I can therefore see no 
reason for eliminating such patents, 
which as I have indicated, strengthen 
rather than hinder our industrial prog- 
ress and at the same time give the 
inventor some small recognition and 
reward for his efforts. 

Another reform which has been sug- 
gested is compulsory licensing. It is 
proposed that an inventor should be 
compelled to grant licenses to any re- 
sponsible party who asks for it, and 
furthermore that these licenses should 
not be restricted as to the field of use 
and the territory of exploitation, and 
that no price or quantity restrictions 
should apply. That would mean, how- 
ever, as I have indicated before, that 
an inventor or his financial backer, 
having spent a great deal of effort, 
time and money to put an invention 
into commercial form, would have to 
grant a license to competitors among 
whom might be a large corporation 
with unrestricted resources. This com- 
petitor, not having had to invest the 
venture money necessary to bring the 
invention into marketable form, could 
undersell the original inventor and 
could sell the product at a loss for a 
time to put the original inventor or 
manufacturer out of business, the li- 
censor having signed his death war- 
rant when he signed the licensing 
agreement. 

Such laws and similar laws would 
most effectively reduce the number of 
patents taken out and in force, but at 
the same time they would dry up the 


source of any progress, because the 
inventor would have every reason to 
withhold patent application and to keep 
his knowledge to himself. Under pres- 
ent conditions he cannot afford to go 
into a venture without a patent. “Un- 
der compulsory licensing to competitors 
he could not afford to go into a new 
venture with a patent. 

The inventors of many of the pri- 
mary inventions which I have men- 
tioned would have had no incentive to 
doggedly pursue their work had there 
not been a ray of hope of ultimately 
obtaining a reward for their persist- 
ence, privations and disappointments. 

In this paper it is only possible to 
dwell briefly on some of the phases of 
the patent system and of the proposed 
reforms. Stimulated by the depression 
and the more recent war hysteria a 
large group of would be reformers 
have proposed all sorts of panaceas, 
which include the complete emascula- 
tion and even abandonment of the 
patent system. Most of these reform- 
ers are ill-advised and are little in- 
formed as to the real nature and work- 
ing of the system. 

Many of the would be reformers 
apparently take the position that the 
ends to obtain their objective justify 
the means. Thus Senator Kilgore, the 
author of the Science Mobilization 
Bill, in a letter to the Senate Military 
Committee quoted the National Acad- 
emy of Science as having endorsed 
that bill, when as a matter of fact the 
Academy had not even considered the 
bill. I call your attention to a state- 
ment by the Academy published in the 
A. A. A. S. Bulletin of May 1943, in 
protest against the worthy senator’s 
deception. The Kilgore bill and other 
bills entirely ignore the impact of the 
proposed regimentation of scientific 
and industrial research on the profes- 
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sional and material welfare of the lives 
which are devoted to such research. 

I have purposely not discussed any 
of the specific bills which have been 
proposed to Congress in connection 
with these reforms. I trust, however, 
that my paper will have the effect of 
prompting you to study more in detail 
the problem which is most important 
to all of us. I recommend to you who 
are responsible for the training of the 
coming generation of engineers, that 
engineering students be given more 
comprehensive instruction in the basic 
principles of our patent system which 
is such an important link in our econ- 
omy and which has had such a great 
stimulating effect upon the creative 
ability of the American engineer. 
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A College Course in Construction Engineering* 


By ADOLPH J. ACKERMAN 
Director of Engineering, Dravo Corp., Pittsburgh, Pa. 


The present war has dislocated prac- 
tically every form of normal human 
endeavor. The tremendous task, af- 
ter victory, of converting to peace- 
time pursuits may either go in the di- 
rection of seeking to return to the 
“status quo” of pre-war days, or it 
may be utilized as the opportunity for 
establishing advancement in those en- 
deavors. At the present time, prac- 
tically all scientific and engineering 
colleges have experienced a dislocation 
in their teaching methods and in their 
subject matter, to provide training 
which will be most effective in the war 
effort. In preparation for the eventual 
re-conversion, this appears to be the 
time to stimulate some “post-war plan- 
ning” in educational institutions to the 
same extent as is being promoted cur- 
rently in industrial and public works 
programs. 

Most “post-war planners” are con- 
vinced that conversion to peace-time 
pursuits will call for a tremendous con- 
struction program, both private and 
public works, extending over many 
years. In fact, it is generally regarded 


‘as a fundamental necessity to the pres- 


ervation of our American system of en- 
terprise. Construction skill and ingenu- 
ity will be taxed to the utmost in 
producing the most for each dollar ex- 


* Prepared for the 50th Anniversary Meet- 
ing, S. P. E. E. (Civil Engineering), Chi- 
cago, Ill., June 18-20, 1943. 


pended. Under such a program, trained 
construction engineers in all grades 
will be needed on a large scale. Profes- 
sor M. I. Evinger has pointed out that 
World War I brought forth the need 
for a new course called Industrial En 
gineering which is now offered in many 
colleges; World War II will probably 
shape the general development of a 
course in Construction Engineering. 
In 1939, C. C. Williams, President 
of Lehigh University, suggested that 
“Just as industrial engineering as a 
variant of mechanical engineering has 
attained a merited recognition, so a 
variant of civil engineering pertaining 
to construction and contract procedures 
might well be instituted in the larger 
colleges.” 

The need for better courses in con- 
struction engineering has been under 
discussion for many years. In 194l,a 
sub-committee was set up in the S. P. 
E. E. under the chairmanship of Pro 
fessor Malcolm S. Douglas to recom 
mend a suitable course. After cot 
siderable study, it appears that it is 
not feasible to design a so-called stand- 
ard course in construction engineering. 
There are too many variable factors 
among the colleges, such as half year 
and quarter year semesters, organiza 
tion of faculty and personnel, and ve 
riety of physical facilities. In view d 
this, the following paper has been pre 
pared as a recommendation for genera 
guidance. 
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COLLEGE COURSE IN CONSTRUCTION ENGINEERING 


Before putting this paper into final 
form, a preliminary draft has had the 
benefit of a review by many noted edu- 
cators and civil engineers and their im- 
portant suggestions are gratefully ac- 
knowledged. 


Reports sy S. P. E. E. 


Since about 1935, the Society for 
the Promotion of Engineering Educa- 
tion has had a sub-committee in its 
Civil Engineering Division devoted to 
the subject of construction education. 
The Committee has developed several 
unpublished reports and preliminary 
surveys. The most notable one was 
issued in June 1941, under the chair- 
manship of Professor M. I. Evinger of 
the University of Nebraska on the sub- 
ject “Content of Courses Pertaining to 
Construction.” This report presented a 
general survey of construction courses 
offered up to 1940 by colleges in the 
United States and Canada. 

The following is a significant quo- 
tation from this report: 


The information furnished by this 
survey indicates that a real need ex- 
ists for a stimulated and continued 
study of the numerous questions per- 
taining to the general policies and 
problems arising from the increasing 
introduction and development of 
courses in construction. 


The latest available catalogue de- 
scriptions were used as a basis for 
compiling information on courses hav- 
ing some direct relationship to the 
general field of construction. About 


45 colleges are offering courses such 
as cost estimating, quantity surveys, 
construction methods, building con- 
struction, earth work and grading for 
highways and railroads, and similar 
subjects. 

The general impression from this re- 
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port is that most colleges are offering 
what might be called a smattering of 
construction engineering. At the pres- 
ent time, apparently only one institu- 
tion, Massachusetts Institute of Tech- 
nology, gives full weight to a curricu- 
lum in construction engineering leading 
to the degree of “Bachelor of Science 
in Building Engineering and Con- 
struction.” 

According to a survey made by the 
U. S. Bureau of Labor Statistics, about 
44 per cent of all civil engineering 
graduates are engaged in some phase 
of construction. The remainder are 
employed in other fields, such as de- 
sign, research, operation, consulting, 
teaching, sales, or general administra- 
tion. A further significant point is 
found in the distribution of members 
in the various technical divisions of the 
American Society of Civil Engineers. 
Of the twelve technical divisions, the 
Construction Division has the largest 
enrollment with 20.0 per cent of the 
total membership. The Structural Di- 
vision ranks second with 16.8 per cent. 
The other ten divisions range in mem- 
bership from 11.5 per cent down to 3.1 
per cent. On the basis of these sta- 
tistics, the sub-committee of the S. P. 
E. E. implied that educational institu- 
tions are not designing their civil en- 
gineering courses in the direction in 
which most graduate engineers even- 
tually find themselves engaged. 

The report quotes a very good edi- 
torial which appeared in Engineering 
News-Record, December 20, 1928, on 
the great need for technically trained 
personnel in the construction industry 
and on the benefits from such a policy. 

The report also contains a table 
which gives the following data with 
respect to the introduction of courses 
pertaining to construction in the col- 
leges: 
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COURSES BEING OFFERED BY ENGINEERING 
COLLEGES IN UNITED STATES AND CANADA 
PERTAINING TO CONSTRUCTION 


Year Total No. of Courses 
GR eats). oo snaeaee 5 
Ns ct nec wie <i pees 18 
RIA MER RR irs RPE 48 
eee Cee St ene 58 
Pe tet kalo comivticiate 72 


The report further states that in 
1941, seventy-seven (77) courses were 
being offered under fifty-seven (57) 
different titles. Some titles do not 
clearly indicate the scope of the sub- 
ject matter. This apparently reflects 
the complexity of teacher viewpoints 
on the character of subject matter con- 
sidered especially suitable for any 
classified branch of construction edu- 
cation. Teacher viewpoints are still 
considered in a state of flux. Quoting 
further: “Patient effort over a period 
of time will be required to effect a rea- 
sonable reduction in the diversity of 
construction courses and to evolve im- 
provement in the classification of their 
essential subject matter. There is an 
urgent need of developing rational 
minimum specifications on the aims 
and content on construction courses, 
particularly, of those that bear the 
same or very similar titles.” 

From the comprehensive table of 
courses presented in the report, the 
writer found that they may be gen- 
etally classified under the following 
headings : 


Number of 
Subject Courses Offered 

Estimating and Cost............. 33 
Construction Methods............ 15 
Construction Management and 

WOON Sc ons ee cree cee se 14 
Building Construction............ 14 
Ne Sk win ote She seid $0 1 
ay porrre ate 0 


These courses are being offered by 
45 different schools. 

The S. P. E. E. report further states 
“Apparently teachers of courses per- 
taining to construction are having diffi- 
culty in adapting available text books 
to the requirement and objectives of 
such courses. There is a dearth of 
suitable text books for many of the 
courses as now set up. The lack of 
suitable text books has resulted in a 
development of departmental notes 
for use in connection with a dozen 
courses.” 

“At present, instructors must rely 
largely on current technical magazin 
engineering reports, and other miscc 
laneous publications. Engineering I! 
erature on the methods and costs 
construction is very extensive ; that « 
the whys or the basic economic reaso 
for adapting a specific plant and or- 
ganization to a given constructional 
project, is relatively deficient in quan- 
tity and quality. Since the thrivi~ 
activities of the construction industry 
produce the energizing materials and 
stimulating problems that are essential 
to the improvement and advanceme: 
of construction education, and _ sin 
the publishers of technical literatw 
have superior facilities for gatherir 
and disseminating materials of pert 
nent educational value, publishe: 
should be encouraged to give greate 
emphasis in engineering literature t 
the fundamental economic and _tecl 
nical aspects of building and enginee1 
ing construction.” 

Most colleges employ auxiliary aids 
such as lantern slides, manufacturer: 
catalogues, plans and _ specification 
non-faculty speakers and inspectio 
trips. 

This could be further develope 
through closer codperation of teacher 
in construction engineering with th 
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local chapters of the Associated Gen- 
eral Contractors of America, by invit- 
ing such teachers to attend chapter 
meetings devoted specifically to this or 
related subjects. In a few instances, 
contractors have participated in setting 
up and taking part in lecture courses. 

It is hoped that some of the leaders 
in the construction industry can be 
persuaded to offer scholarships for 
superior students, endow chairs in la- 
bor relations and other construction 
sabjects, or sponsor the writing of 
urgently needed textbooks in which 
their important experiences are re- 
tded. 

For convenient reference, the fol- 
‘wing is a partial list of publications 
hich are available at the Washington 
fice of the Associated General Con- 
actors of America; most of these are 
seful for educational purposes. 


Contractors’ Equipment Ownership 
Expense 

Equipment Rental Agreement 

Equipment Record—Bond Paper 

Equipment Record—Cardboard 

‘Highway Estimate Sheets 

Building Estimate Summary 

Job Overhead Summary 

A. G. C. Proposal Form 

Standard Contract for Engineering 
Construction 

A. G. C. Cost Plus a Fee Contract 

Construction Service Contract— 
Principles and Practice 

Standard Government Contract and 
Instructions to Bidders 

Standard Building Contract of the 
American Institute of Architects, 
Rev. 5th Edition 

Subcontract form—Amer. Institute 
of Architects, Rev. 5th 

Classification of Construction Oc- 
cupations 

Construction Investment Bonds 
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Functions of a General Contractor 

Advantages of Winter Construction 

Facts, Contract or Day Labor Meth- 
ods 

Accident Prevention Manual 


NEED FOR ENGINEERS TRAINED 
IN CONSTRUCTION 


The S. P. E. E. report states: 
“There seems to be a general agree- 
ment that the character of the con- 
struction industry is being transformed 
and that the quality that it is demand- 
ing of its future leaders are broaden- 
ing vastly.” 

It is essential that civil engineering 
colleges give at least the same recog- 
nition to the various functions of con- 
struction, as is now given to design, 
operating and other functions. To 
meet the demands of the construction 
industry for civil engineers trained in 
construction engineering, it appears 
that the most practicable approach 
would be for a limited number of rela- 
tively large engineering colleges lo- 
cated in different parts of the country 
to provide an option in construction 
engineering during the junior and 
senior years. This would include such 
courses as construction methods, esti- 
mating and costs, management and 
economics, labor relations, safety, con- 
tract law and similar items, as de- 
scribed in the following : 


SUGGESTED COURSE IN CONSTRUCTION 
ENGINEERING 


The accompanying Table “A” gives 
a suggested course in construction en- 
gineering. This is based on some of 
the existing courses in Civil Engineer- 
ing and retains most of the funda- 
mentals and such basic subjects as 
“materials,” “structures,” and “de- 
sign.” These should be retained be- 
cause, as one contractor’s engineer re- 
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cently remarked: “With new gradu- 
ates, it is much easier for us to broaden 
the specialized training than to patch 
up the basic.” During the third year 
and, more particularly, in the fourth 
year, various courses are suggested 
which deal primarily with the field of 
construction. Completion of the course 
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would lead to the degree of “Bachelor 
of Science in Civil Engineering (Con- 
struction).” This training is not in- 
‘tended to develop engineers only for 
the contracting industry, but also for 
designing organizations and consulting 
engineering firms. For this reason the 
scope of the course is rather broad and 


TABLE A 


SUGGESTED CouRSE MAJORING IN CONSTRUCTION ENGINEERING 
FOR CiviL ENGINEERING COLLEGES 
























































First TERM SECOND TERM 
Year Hours Hours 
Title Per Title Per 
Week Week 
1st Algebra and Trigonometry 5 | Calculus 5 
Chemistry, General Descriptive Geometry 5 
Physics 3 | Chemistry, General a 
Engineering Drawing 6 | Physics 4 
English Composition 3 | English Composition 3 
Military Science 3 | Military Science 3 
Physical Training 1 | Physical Training 1 
Total 25 Total 25 
Summer Employment (coéperative on construction work) 
2nd Calculus 5 | Differential Equations 5 
Applied Mechanics 4 | Applied Mechanics 4 
Applied Physics 3 | Railways and Highways 3 
Materials—Steel and other Metals} 3 | Engineering Economics 3 
Report Writing 2 | Engineering Geology 4 
Surveying and Topographic Dwg. 5 | Writing and Public Speaking 3 
Economics 3 | Hydrology 3 
25 25 
Summer Surveying at Camp (surveying, railways and highway, field work— 
hydrographic survey) 
3rd Applied Mechanics 5 Structures—Theory—General 3 
Materials Testing Laboratory 3 | Thermodynamics 4 
Materials—Wood and Masonry 3 | Hydraulics 3 
Elements of Elec. Engineering 4 | Accounting, Purchasing, Ware- 
Electric Engineering Laboratory 2 housing 4 
Building Construction 5 | Construction Methodsand Equip.| 5 
Construction Inspection 3 | Elec. Motors and Controls 3 
Diesel, Gas and Steam Engines 3 
25 25 
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First TERM SECOND TERM 
Year Hours Hours 
Title © Per Title Per 
Week Week 
Summer Employment (coéperative on construction work) 
4th Structures—Theory Timber and Structures—Theory Steel 4 
Reinf. Concrete 5 | Structural Design—Steel 5 
Structural Design—Timber and Foundations and Soil Mech. 4 
Concrete 5 | Labor Relations, Health and 
Water Supply and Sewage 3 Safety 4 
Heat Engineering, Ventilating and Contracting 3 
Air Conditioning 4 | Job Management 5 
Eng. Law Contracts and Specs. 3 
Construction Estimating and 
Costs 5 
25 25 
5th “Internship” of Experience on a Construction Job for one (1) year, including 
(Optional)} preparations of a detailed thesis describing job experiences and methods to 
demonstrate the student’s capacity for observation. 
This thesis is to be applied toward a Master’s Degree. 
5th or 6th 
(Post- 
graduate) 
(Optional) 
Contract Law II 4 | Ethics j 3 
American,Government and Finances—Balance Sheets 3 
Politics 3 | Public Works—Policies and 
Labor Relations II 3 Management 5 
Applied Soil Mechanics 4 | Personnel Training 4 
Option 3 | Option 4 
Option 4 | Option 3 
Option 4 | Option 3 
25 25 
\ List of Options: 
Machine Design 4 | Motion and Time Study 3 
Plant Design 4 | Advertising and Sales 3 
Production Control 3 | Foreign Trade 3 
Report Writing and Public Speaking 3 | Electrification 4 
Advanced Management 3 | Languages 
History 
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includes considerable design and such 
subjects as “Inspection” in which field 
many young engineers find themselves 
during their first years out of school, 
often with inadequate preparation or 
with a misguided mental attitude. 

In adopting this course, certain 
modifications in semester hours, se- 
quence and scope would, no doubt, be 
required to suit the policies of the 
individual colleges. In some schools, 
it may prove advisable to organize the 
construction engineering courses so 
that they would fit into a suitable post- 
graduate course for those who have al- 
ready completed their civil engineering 
training and who wish to return for 
another year in this field of work. 

In general the course should be de- 
signed to build up a mental attitude of 
“how can the job be best accom- 
plished,” considering factors of time, 
cost, and personnel available. The ne- 
cessity of keeping up-to-date by read- 
ing current literature should also be 
stressed. However, as one noted en- 
gineering educator has pointed out, 
“we should remember that the primary 
function of our colleges is not to dis- 
seminate information but to train 
young people’s minds. Information as 
such may become obsolete, but any de- 
velopment in the power of analysis is 
never lost. Construction can be used 
effectively to develop the power of 
analysis; any tendency to make con- 
struction courses into information 
courses should be avoided.” 

It is further suggested that the vari- 
ous courses on construction subjects 
be standardized under the following 
general designations: 


1. Building Construction 


Matters relating to the engi- 
neering design and construction 
of buildings including problems 


of the architect, the engineer, the 
builder and the materials manu- 
facturer in the process of plan- 
ning and erecting structures. 
Building codes, inspection, in- 
terpretations of building plans, 
quantity surveys. Construction 
methods in erecting buildings, 
sources of materials and precise 
scheduling, delivery and use of 
materials. General contractors 
and subcontractor on building 
construction, specialist subcon- 
tractors, trade unions and juris- 
diction in the various trades. 
Quality construction, mass pro- 
duction of smaller buildings. 


. Construction Inspection 


Function and responsibility of 
an Inspector, obligations towards 
supervising engineer, contractor 
and client, judgment vs. preju- 
dice, interpretation of specifica- 
tions. Criteria for inspection, test- 
ing, inspection reports, method of 
inspecting raw materials, steel 
fabrication, cement, aggregates, 
concrete, building work, earth 
and rock work, construction 
methods. 


. Construction Methods and Equip- 


ment 


Study of various types of con- 
struction equipment such as ex- 
cavating, hauling, crushing, ag- 
gregate, concrete mixing and 
placing equipment, cranes, con- 
veyors, tramways, dredges and 
the application of such equipment 
to various construction projects. 
Combinations of equipment for 
most economical plant layout. 
Planning of a construction plant 
as applied to a building, highway, 
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or lock and dam project (as se- 
lected), comparison of competi- 
tive construction methods for 
economic study. Equipment costs, 
rentals, maintenance, depreciation 
and obsolescence. 


4. Construction Estimating and Costs 


Methods for arriving at the la- 
bor and material costs of various 
construction operations and proj- 
ect features (preferably working 
from a given set of plans and 
specifications ), demonstrating the 
difference between preliminary 
engineering estimates and con- 
tractor’s bid estimate of cost. 
Equipment operating cycles, time 
studies, man-hour analyses and 
comparison, overhead and super- 
visory costs, analyzing prospec- 
tive work, preparing bids, unbal- 
anced bids. 


. Job Management 


Preparatory work, camps, 
shops, temporary roads, power, 
water and air supply, job organi- 
zation, functions of various de- 
partments, superintendent’s du- 
ties, progress schedules, equip- 
ment, labor and financing sched- 
ules, production and cost graphs, 
job cost engineering, management 
analyses of costs and equipment 
performance for economic im- 
provements, time keeping, mate- 
rials ordering, expediting, receiv- 
ing. 


. Contracting 


Functions of contractors, risk 
taking, rights and obligations of 
contractors, general organization 
of construction companies and 
field organizations, personnel 


management, bonding, money and 
banking, relationships with super- 
vising architect, engineer, and 
client: lump sum, unit price, 
cost-plus fixed-fee, cost-plus-per- 
centage, bonus and penalty forms 
of contracts, force account and 
day labor methods, analysis of 
contracts, interpretation of speci- 
fications, ethics, memberships in 
trade and professional associa- 
tions. 


. Labor Relations 


Structure of American unions, 
typical labor contracts, agree- 
ments on wage scales, jurisdic- 
tional disputes, arbitration, medi- 
ation, labor laws, federal, state, 
and local agencies dealing with 
labor matters, relations with stew- 
ards, business agents and labor 
leaders, slow-downs and strikes, 
apprenticeship systems, methods 
of employment and discharge, 
exit interviews, morale building 
techniques, bonus and incentive 
systems. 


. Health and Safety 


Numerous safety measures on 
construction jobs such as ladders, 
scaffolding, protective canopies, 
limit switches, protective devices 
on equipment, gear guards, life- 
saver vests for working near 
water, respirators, precautions in 
compressed air «work, first aid, 
medical examinations, dispen- 
saries and local hospitals, educa- 
tional programs in health and 
safety, workmen’s compensation, 
accident statistics, frequency and 
severity rating, benefits from 
safety programs, obligations of 
employer, insurance protection 
for employer and employees. 


i A tag — 
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METHOD oF TEACHING JoB 
EsTIMATING 


For several years, Columbia Univer- 
sity has employed a method which has 
proved highly satisfactory in the teach- 
ing of estimating and bidding. A set 
of plans and specifications is secured of 
some current work in the New York 
area involving about $100,000 in cost. 
The students in the course are divided 
into four or more groups of engineer- 
ing contracting companies, and they go 
through all the processes of job analy- 
sis, study of plans and specifications, 
and preparation of bids which are sub- 
mitted near the end of the term. This 
provides point and purpose to the 
course, and through competition stimu- 
lates an excellent spirit in the work. 
The student response is reported as 
having been excellent under this plan. 
This might be supplemented by hav- 
ing some of the superintendents or en- 
gineers who are directly connected with 
the job under study come in for lec- 
tures to describe the methods actually 
adopted and the reasons for them. 


MISCELLANEOUS FEATURES OF A 
CouRSE IN CONSTRUCTION 
ENGINEERING 


The accompanying table of a sug- 
gested course contains reference to 
summer employment under a codpera- 
tive system. It is obvious that stu- 
dents as well as instructors, must get 
as much practical experience as pos- 
sible right out on construction jobs in 
order to develop a better perspective 
and understanding about the subjects 
which are being offered. The colleges 
must take the initiative in working out 
cooperative employment arrangements 
with contractors, and, no doubt, the 
progressive contractors will demon- 


strate themselves to be very codpera- 
tive. 

It is frequently claimed that stu- 
dents cannot get employment because 
of closed shops and union rules. How- 
ever, this not a fair complaint. Many 
labor leaders recognize the advantages 
of having supervisors who are well 
trained in construction, and appren- 
ticeship training on the supervisory 
side is just as important as on the la- 
bor side. Several contractors have 
demonstrated that there is no difficulty 
in writing in to their labor agreement 
a clause which permits the employ- 
ment of five (5) engineering students 
for every.one hundred (100) union 
employees on the job. Such students 
are paid the same rate as union em- 
ployees if they are engaged directly on 
the work as helpers. 

Students should be encouraged to 
recognize the advantages of working 
with their hands during summer em- 
ployment, and in getting first hand 
contact with construction tools and 
construction methods. Membership in 
the labor unions is not required, but 
some unions have offered summer 
membership cards to students at nomi- 
nal rates. Students should not be dis- 
couraged in accepting membership un- 
der such an arrangement. Union mem- 
bership is quite a different matter when 
they are graduate engineers in the 
process of developing themselves for 
their profession, but in the pre-profes- 
sional experiences, they can do well to 
study union organizations and union 
methods from the inside, in order to 
be better qualified to deal with collec- 
tive bargaining problems when they 
are in executive positions.. An intelli- 
gent understanding is bound to lead to 
better labor relations and benefits for 
both the employer and employee. 
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In discussing this matter with one 
of the most progressive and successful 
contractors in the country, he said: 
“Any course on labor relations should 
stress the importance of fairness in the 
handling of labor matters. The one 
big drawback in labor relations is in 
many cases a feeling of distrust on the 
part of both the employer and the la- 
bor representative. If we once elimi- 
nate this element of distrust, we will 
have cancelled 75 per cent of our 
troubles. In this connection it might 
easily be that now and then a student 
would become sufficiently interested in 
this matter of labor relations to cause 
him to adopt it for his life work. This 
of course should result in better lead- 
ership among the unions and that is 
one of the things needed at all times.” 


Post-GRADUATE WorK 


In the suggested outline of a course 
in construction engineering, there is 
also indicated a fifth and sixth year of 
training—this being a matter of choice 
on the part of the student. 

The fifth year might be the program 
of subjects outlined for the sixth year, 
or more preferably, it should be a year 
of experience on a construction job in 
the form of an “internship.” This 
year should be devoted to employment 
in any capacity that is obtainable. Em- 
ployment as a laborer, chainman, rod- 
man, or on some menial position out 
on the job should not be under-esti- 
mated for its advantages. If, as a re- 
sult of summer employment, the stu- 
dent has already demonstrated qualifi- 
cations for being employed on more 
advanced work, and has the opportun- 
ity to land a job in it, so much the 
better. 

If the student is willing to take such 
a year of “internship” and plan his 


next, or sixth year, to return to school 
for advanced training, he will derive 
important benefits. Among these are 
the following : 


(a) In the succeeding year in school, 
he can shape his education in 
the direction which his experi- 
ences have suggested, and get 
a great deal more out of his 
final year in school. 

(b) If he finds during the internship 
that he is not in the right 
branch of construction to meet 
his interests, he can leave at the 
end of the year without preju- 
dice and upon completing the 
succeeding year at school, enter 
with advanced standing in his 
chosen line of work. 

(c) He has the opportunity to look 
over his new employer and the 
employer has a similar oppor- 
tunity to observe the student. 
At the end of the year, if it is 
mutually agreed to not resume 
employment, this has been ar- 
rived at without the usual casu- 
alty which occurs at about this 
time if the employer has be- 
come dissatisfied with certain 
performances. The employer, 
as a matter of fact, may be in 
a position to advise the student 
what he ought to do following 
his return to school, and thus 
contribute to a better future. 
On the other hand, if the stu- 
dent has demonstrated himself 
to have abilities which the em- 
ployer wants to keep, the latter 
can readily make an offer of re- 
employment. 


The subjects suggested for the sixth 
year (fifth college year) are of an ad- 
vanced nature as listed in the table, 
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and their suitability for training of 
men interested in the construction field 
is, no doubt, obvious. Upon comple- 
tion of that year, the student would 
receive a degree of “Master of Science 
in Civil Engineering (Construction) .” 

Since a thesis is required for the 
Master’s Degree, the year of “intern- 
ship” provides an ideal time for writ- 
ing such a thesis describing the proj- 
ect on which the student is employed. 
In fact, it would be desirable to estab- 
lish, as a requirement of the “intern- 
ship,” the presentation of a thesis on 
the year’s experience. Such a thesis 
can have considerable value for the 
student as well as for the employer. 
For the student, it demonstrates his ca- 
pacity for observing what is going on, 
and shows his understanding of meth- 
ods and job policies. He can make a 
general analysis of job procedures in 
terms of the principles which he has 
learned during the preceding four 
years. On the basis of such a study 
made first hand, the employer will 
invariably find valuable suggestions 
which will benefit his own organiza- 
tion, and provide concrete evidence 
regarding the suitability of the student 
for potential future employment. 

No doubt, a majority of the students 
would have a variety of reasons for not 
returning to college for another year 
after having tasted “liberty,” “income,” 
or “love” following their graduation. 
However, those who have the deter- 
mination to follow through on the plan 
here suggested, will find that their 
chances are substantially improved for 
capitalizing on their educational invest- 
ment. At the outset they are in a 


much better position to sell their serv- 
ices because they have had some sea- 
soned “experience” and know what the 
employer wants. 
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INTRODUCTION OF NEW COURSE IN 
PRESENT CIvIL ENGINEERING 
COLLEGES 


As has already been stated, it is im- 
possible to set up a so-called model 
course which might be made readily 
adaptable for several different civil en- 
gineering colleges. It appears that no 
two colleges are organized alike, and 
the best that can be hoped for is that 
those colleges which are most inter- 
ested take such first steps as are feasi- 
ble within their present limitation. 
One noted educator in this field has 
suggested the following three alterna- 
tives for getting started: 


1. Emphasize construction proce- 
dures in regular civil engineering 
courses. Many present courses 
of design take account of Con- 
struction Methods for best re- 
sults.. “A closer association of 
design and construction in our 
present courses offers another ap- 
proach to better education in con- 
struction engineering.” 

2. Establish construction options in 
present civil engineering curicula. 
This is feasible in the larger 
schools where enrollment is big 
enough to make such a sub-di- 
vision economical. (In the opin- 
ion of the writer, this is the most 
desirable step.) 

3. Establish curricula which would 
lead to a degree in Construction 
Engineering. This would only 
be feasible in the largest schools. 


Whenever the subject of engineer- 
ing curricula is discussed among pro- 
gressive educators and practicing en- 
gineers, the suggestion is made that 
engineering courses be at least five or 
six years long, and that the first four 
years should provide a basic training 
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which would be the same for civil, me- 
chanical, and electrical students. This 
would provide for broader treatment of 
each undergraduate subject and the in- 
troduction of more fundamentals in 
each field. At the end of the fourth 
year, a degree of Bachelor of Science 
in Engineering would be granted. The 
specialized field of work would be of- 
fered in the fifth year. (Some advo- 
cate two years of specialization.) The 
writer heartily concurs in this general 
principle and is hopeful of some day 
seeing all engineering curricula length- 
ened to five years. However, most 
educators seem to feel that this would 
require concerted action on the part of 
all schools and no one seems to be 
willing to take the first step. By the 
same token, the introduction of a new 
sub-division in present under-graduate 
courses meets some objections because 
it is going contrary to the most de- 
sirable trend. 

It might be added here that although 
the four year basic training course 
might offer the students the oppor- 
tunity to postpone their decisions as to 
the field of specialization, the writer 
has found from interviewing several 
thousand college seniors in engineering 
that those who know what they want 
by that time make the best prospects 
for the future. Furthermore, it should 
be borne in mind that the five or six 
year course in effect exists now in 
terms of post-graduate work for any 
student who displays the necessary 


initiative in designing his own tech- 
nical education and engineering career. 


How to Get STARTED 


Conditions in the construction in- 
dustry are such that the need for a 
greater percentage of technically trained 
men exists now. A limited number of 
colleges should therefore start in right 
now to meet that demand. The first 
step is for a college administrator to 
employ an experienced construction 
man interested in the training of 
young engineers to serve as Professor 
of Construction Engineering, and al- 
low him to build up a program. It 
will take him several years to work 
out the details but at least the work 
will be under way. The first step of 
selecting such a man is in itself of suf- 
ficient importance to incur some loss 
of time. Some retired contractors or 
superintendents may find this an ap- 
pealing opportunity. “Each professor 
will in his own way organize his ma- 
terial and properly classify the subject 
matter which pertains to construction 
engineering so that it will fit into the 
general pattern of a basic science and 
contribute to the fundamental methods 
of mental training.” To this should 
be added the highly important values 
which are contributed by an experi- 
enced construction engineer and builder 
of men, who through his personal 
qualities serves as an inspiration for 
the student; this remains long after 
much of the basic subject matter is 
forgotten. 





ot Meet anos yaaa 














Basic Qualitative Thermodynamics 


By ERNEST M. FERNALD 


Professor of Mechanical Engineering, Lafayette College 


Two beliefs especially underlie this 
article: (1) that physical concepts 
should be clear qualitatively, in ad- 
vance of and quite apart from mathe- 
matical formulations; and (2) that 
qualitative formulations may be in 
good or in poor harmony with the es- 
sential character of the subject. Cur- 
rent expositions of thermodynamics 
exhibit departures from both require- 
ments. Basic definition of entropy 
through dS=(dQ/T)rev is not in 
accord with the first, while failure to 
give to volume a special thermodynamic 
significance distinct from its common 
one of cubic content illustrates the poor 
harmony mentioned in the second, as 
will be shown. Of course, every di- 
vision of science must develop from 
and in the light of its predecessors. 
However, when the new knowledge 
has been won it is usually well to or- 
ganize it into a harmonious structure 
which takes its shape from the new 
point of view, regardless of historical 
or other considerations. The present 
article sets forth basic concepts for 
classical thermodynamics accordingly. 
The primary elements are deemed to 
be matter and energy and the two 
modes of energy transfer heat and 
work. 

Indicative of room for improvement 
in past and current thinking is the 
definition of.energy given in so many 
physics texts and courses--that energy 
is the capacity for doing work. Under 
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this definition, capacity to do work is 
invariant under the First Law while 
it steadily diminishes under the “degra- 
dation” version of the Second Law, all 
this commonly appearing in the same 
book. Capacity to produce effect is a 
better definition; if one must specify 
further, capacity to produce thermal 
effect—certainly not mechanical. 

The conventional First and Second 
Laws are not enough where the point 
of view takes in both energy and mat- 
ter. More satisfactory is the following 
set of six generalizations, three con- 
cerning quantity and three concerning 
trend. 


QUANTITY. 
1. Quantity of matter is constant. 


2. Quantity of energy is constant. 
3. Ratio of energy to matter is finite. 


TREND 


4. Matter tends toward concentra- 
tion. 

5. Energy tends away from concen- 
tration. 

6. Change as a whole is irrevocable. 


Of these, 1 and 2 are the ordinary 
laws of conservation, 3 seems to be 
taken for granted, and 4 is the law of 
gravitation. Number 6 appears to be 
an adequate rendering of the Second 
Law, in philosophical rather than en- 
gineering terms. Impossibility of per- 
petual motion of the second class— 





cur! 
Sec 
pert 
clas: 
any 
coul 
une 
weis 
the ; 
cally 
worl 
the 
philc 
teria 
meré 
ophe 
abou 
St 
iatio 
in at 
ity. 
ies a 
ble 1 
that 
throt 
alone 
takin 
nizak 
rises 
ture 
as he 
adde 
must 
libriv 
trend 
tratic 
radia 
tinuo 
one ; 
clear 
is trt 
conce 
the fc 


1Fe 
Suffici 
State? 
1939, 











: is 
rile 
Ta- 


me 
sa 
ify 
nal 


ynd 
int 
at- 
ing 
on- 
ing 


ra- 


>ni- 








BASIC QUALITATIVE THERMODYNAMICS 419 


currently a favorite version of the 
Second Law—goes along with it. A 
perpetual motion machine, second 
class, could exactly revoke change in 
any limited portion of the universe— 
could undo effects of friction, restore 
unequal temperatures, raise fallen 
weights. By successive applications of 
the machine, all change could theoreti- 
cally be revoked in the whole physical 
world. Whether we elect to postulate 
the impossibility in engineering or in 
philosophical terms is probably imma- 
terial. The writer’s choice means 
merely that he feels more like a philos- 
opher than an engineer when thinking 
about these matters. 

Statement 5 is intended to cover rad- 
iation and what the writer has called 
in an earlier article * the law of stabil- 
ity. The article pointed out that bod- 
ies are stable with respect to reversi- 
ble transfer of energy, in the sense 
that reversible addition of energy 
through any mode of transfer acting 
alone results in added resistance to 
taking in more. Some property recog- 
nizable as the potential for the mode 
rises in opposition, as does tempera- 
ture when energy is added exclusively 
as heat, and pressure when energy is 
added exclusively as work. Exception 
must be made for three phases in equi- 
librium at a triple point. That the 
trend of energy is away from concen- 
tration, then, is attested by universal 
radiation and by resistance to con- 
tinuous addition of energy through any 
one avenue. This becomes especially 
clear when it is noted that the opposite 
is true’ for matter. The greater the 
concentration of matter, the greater 
the force promoting it. But the greater 


1 Fernald, E. M., “Which Properties Are 
Sufficient to Determine Thermodynamic 
State?” Ji. Enc. Ep., XXIX, No. 10, June, 
1939, 


the concentration of energy, other 
things being equal, the greater the 
opposition. 

Unfortunately, in a second article * 
the writer supported the thesis that the 
tendency of energy to disperse is ade- 
quate to serve in place of the common 
Second Law. The fact is that the 
particular phenomena leading to the 
dispersion postulate—radiation and sta- 
bility—could exist equally well in a 
world admitting perpetual motion of 
the second class as in one which does 
not admit it. No generalization con- 
cerning either seems to affect the 
other, under any unstrained interpre- 
tation. Separate generalizations are 
required. 

No matter what pressure, tempera- 
ture, and volume may signify in com- 
mon experience or in mechanics, their 
basic thermodynamic significance con- 
cerns energy and transfer of energy. 
For example, it is important from the 
standpoint of thermodynamics whether 
energy will be transferred between two 
particular states as work or as heat, and 
in which direction. The ideas of work- 
potential and heat-potential thus arise. 
Thermodynamic experience here may 
be expressed qualitatively as follows. 


Two bodies are at the same work- 
potential or heat-potential when no 
energy passes by the corresponding 
mode of transfer when they are 
placed in direct contact or its equiv- 
alent. When two bodies are not at 
the same potential, that of the body 
giving energy to the other on con- 
tact shall be designated as the 
greater. 


Thts covers the qualitative aspect of 
potential in energy transfer. Appli- 


2Fernald, E. M., “The Second Law of 
Thermodynamics.” Ji. Enc. Ep., XXXIII, 
No. 3, November, 1942. 
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cation of the number system is a quite 
distinct operation. Whether we shall 
set work-potential, for example, equal 
to pressure or to some complicated 
function of pressure is actually a mat- 
ter of choice—of free choice if one 
reckons inconvenience as no constraint. 

The thermodynamic significance of 
volume has been insufficiently empha- 
sized. Its ordinary significance of 
cubic content is irrelevant in pure ther- 
modynamics. What matters there is 
bound up with energy and the modes 
of transfer heat and work. Relative 
location of states is important. It is 
thermodynamically noteworthy, for ex- 
ample, when states are located so that 
the substance can be taken back and 
forth through them by means of heat 
alone, no work being done. If they 
are so located, we can express the sit- 
uation by means of all the foregoing 
words if we choose. Alternatively, we 
may realize that when states are so 
located their specific volumes are equal, 
and say merely that. The primary 
thermodynamic significance of volume 
is accordingly contained in the follow- 
ing. 

Two states so located that they 
can be reached reversibly from each 
other by means of heat alone have 
equal specific volumes. 


This obviously suffices for the field of 
normal states. 

A corresponding situation arises with 
respect to the other mode of energy 
transfer, work. What shall we say 
about states which can be reached from 
each other by means of work alone? 
To describe this situation we may either 
use the complete statement or adopt a 
single word to replace most of it. We 
actually thus use, of course, the word 
entropy. An adequate qualitative idea 
of entropy is simply this: 
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Two states so located that they 
can be reached reversibly from each 
other by means of work alone have 
equal specific entropies. 


This also suffices for the field of nor- 
mal states. 

The mathematical scale for entropy 
is open to choice. For a single sub- 
stance, an arbitrary scale might do 
fairly well. It is the choice of dS = 
(dQ/T) rey that permits the convenient 
generalizations and important deduc- 
tions familiar to us. With that equa- 
tion adopted, changes of entropy in 
reversible heat transfer are necessarily 
equal and opposite, total entropy neces- 
sarily increases in irreversible heat 
transfer, values of entropy can be as- 
signed to unstable states not reachable 
from all directions, chemical change 
can be readily dealt with, etc. Parallel 
to dS=(dQ/T)rev is the equation 
concerning volume, dV = (dW /P) rev. 
Few ever use it, because the common 
idea of volume is so familiar and con- 
venient. To that extent, we ordinarily 
do not think in thermodynamic terms, 
do not come fully to a thermodynamic 
point of view. Apparently, no im- 
portant writer has ever done so. Those 
who wish to amuse or inform them- 
selves by thinking entirely in thermo- 
dynamic terms can parallel every rela- 
tion concerning entropy by a corre- 
sponding relation concerning volume. 
Unavailable energy equal to T,(S,— 
S,) can be balanced by unavailable 
energy equal to P,(V,—V,), where 
T, and P, are the temperature and 
pressure of the atmosphere, and so on.* 

It is hoped that the foregoing para- 
graphs will draw attention to the purely 


* See, for example, Fernald, “Elements of 
Thermodynamics,” McGraw-Hill, 2nd ed., 
1938, pp. 284-287. 
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thermodynamic point of view and will 
promote its use in thermodynamics. 
The most conspicuous result of think- 
ing along the lines indicated is a con- 
siderable deflation of entropy. En- 
tropy has long been a prime mystery, 
quite unnecessarily so from the point 
of view urged here. Pressure and 


entropy, temperature and volume, are 


envisaged as corresponding pairs in a 
symmetrical structure based on work 
and heat, each concept being qualita- 
tively defined for thermodynamics in 
terms of energy, work, and heat. The 
qualitative scheme indicated is adequate 
and uniformly simple, and appears to 
be outstandingly in keeping with the 
subject. 





Achievement Tests in Mechanics* 


By JASPER O. DRAFFIN 
Professor, Theoretical and Applied Mechanics, University of Illinois 


INTRODUCTION 


This report is the second one to be 
made on the study of Achievement 
Tests in Mechanics, a study which is 
financed by the Society and carried 
out under the sponsorship of the Divi- 
sion of Mechanics. 

The first report } was made a year 
ago and contains details of the inaugu- 
ration of the program. In June, 1942, 
the Division voted to continue the 
study for another year and at that 
time a number of persons made the 
request that their institutions be al- 
lowed to codperate by giving the tests. 
While an effort was made to reach all 
of those whose names were given to 
me I failed, as I learned later, to get 
in touch with the proper person in a 
few cases. Some of the institutions 
which assisted last year were unable to 
do so this year but on the whole there 
was hearty cooperation in the study. 
The following institutions, through the 
persons named, have assisted by giving 
the tests: Purdue University, Seibert 
Fairman; Ohio State University, 
Samuel B. Folk; Illinois Institute of 
Technology, Charles O. Harris; Uni- 
versity of Nebraska, C. M. Duff; 
Kansas State College, Frank McCorm- 


* Presented at the 50th Anniversary Meet- 
ing (Mechanics) S.P.E.E., Chicago, IIl., 
June 18-20, 1943. 

+ “Progress Réport on Achievement Tests,” 
Jasper O. Draffin, Jour. Eng. Educ., Vol. 
XXXIII, No. 3, 1942, pp. 228-234. 


ick; Texas Agricultural and Mechani- 
cal College, V. M. Faires; University 
of Illinois, Fred B. Seely. My thanks 
are extended to all of these institutions 
and men for their helpfulness. I wish 
also to record my thanks for the as- 
sistance which was given by Rex L. 
Brown, Associate in Theoretical and 
Applied Mechanics, University of II- 
linois, who scored all the papers and 
made many helpful tabulations of the 
results. His work was of great as- 
sistance to me in analyzing the data. 


OBJECTIVES 


At the meeting last year the desired 
objectives of the study were discussed. 
It was agreed that the objectives should 
be, primarily, to develop a minimum 
achievement test, one which would in- 
dicate whether a student possessed 
sufficient knowledge of statics to al- 
low him to proceed to the next sub- 
ject in his course of study and, second, 
to serve as a means of classifying stu- 
dents according to their achievements. 
The effectiveness of any test must be 
judged by a standard and in building 
such a test it seems inevitable that the 
standard should be the grade given in 
the course, this grade being made up 
of a number of elements not the least 
of which is the personal knowledge of 
the student by the instructor. Further- 
more, any grade established by the in- 
structor is made up to some extent of 
non-factual and non-analytical elements 
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such as promptness, alertness, and de- 
pendability. Obviously an achievement 
test, which is factual and analytical in 
character, cannot be expected per se to 
agree completely with the grade which 
is made up partly of the non-factual 
and non-analytical elements. 


THE TESTS 


While there are many superficial dif- 
ferences in the content of statics as 
taught at various institutions there is 
still a basic body of material, which is 
covered in all textbooks, with which all 
qualified students of the subject should 
be familiar. Briefly this basic content 
includes a knowledge of the magnitude 
and location of the resultants of force 
systems, of the moments of forces, of 
the equilibrium of two-force and three- 
force members, of centroids and of 
simple problems in friction. These 
topics are the ones on which the ques- 
tions in the Achievement Tests were 
based. 

Each question was selected from 
those submitted by various instructors 
at a number of institutions and two 
tests, C and D, were framed to satisfy 
the following conditions: (1) The com- 
putations must be simple; (2) the ques- 
tions must be of nearly equal difficulty ; 
(3) there must be but one answer and 
where the question is of the multiple- 
choice type the correct answer must be 
distinctly different from the other val- 
ues given; (4) each test must be capa- 
ble of solution in a period of 50 min- 
utes. After a tentative selection and 
formulation of questions, both tests, 
C and D, were read critically by an in- 
structor who had no part in writing 
them. The criticisms were then con- 
sidered and the questions rewritten. 
Test C has 20 questions and Test D 
has 10 questions. 


RESULTS 


General Considerations.—In the first 
place it must be remembered that there 
are differences in: (1) Individual stu- 
dents; (2) groups of students at the 
same institution; (3) groups of stu- 
dents at different institutions; (4) 
standards at different institutions; (5) 
standards of different instructors, and 
(6) objectives of different instructors 
and institutions. In short, there are 
manifold differences which cannot be 
reconciled by or included in any short- 
time test. I am not saying that this 
is not proper or desirable but merely 
that it exists. 

Perhaps this is a good place to say 
that the feeling has been widely ex- 
pressed, especially before the test was 
given, that the Achievement Test is not 
searching enough, not sufficiently com- 
prehensive. The feeling exists that 
the Achievement Test may demonstrate 
the ability of the student to answer 
correctly a series of short questions 
but that it does not necessarily demon- 
strate his ability to carry through to a 
final solution a problem which involves 
a number of steps. In other words, 
the Achievement Test is generally con- 
sidered as being too easy. It must be 
admitted that the lack of a require- 
ment that the student make some com- 
prehensive analysis is an inherent limi- 
tation in any short-time, easily-scored 
test and this is unfortunate. The re- 
sults however do not furnish any real 
justification for the conclusion that the 
Achievement Tests which were used 
were “easy.” 

The general information on the tests 
is given in Table I. The course in 
statics is usually given in the second 
semester of the sophomore year, though 
a number of institutions schedule it in 
the first semester of the junior year 
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TABLE I 
GENERAL AVERAGES 
Institu- Weight of Tess Number Average Grade 
1 ,. 
Number "Percentages Papers Test C | Test D 
1 * 191 65.8 | 45.0 
2 27 135 72.1 | 59.0 
3 . 325 — 40.0 
4 ° 59 65.6 | — 
5 4-7 83t — | 47.2 
6 10-13 104 — | 64.0 
7 ? 66 _ 51.6 
All 963t | 67.9 | 47.9 

















* Little or no assigned weight given to the 
tests. 

t This institution gave Test D to a second 
group of 82 students too late to be included 
in the analyses. 


for a part of their students, and it is 
the equivalent of 2 hours per week per 
semester. In some cases it is combined 
with kinetics and in others it is sep- 
arate. 

Most institutions preferred to use 
Test D. This decision was perhaps 
dictated by conditions growing out of 
the war situation but I cannot but feel 
that it was unfortunate that both tests 
were not used since the two seem to 
have a better predictive value for high- 
grade students than either alone. It 
will be noted that there is a wide varia- 
tion in the weight given to the score 
of the Achievement Test in determin- 
ing the grade in the course, a number 
of institutions giving it no assigned 
weight. 

There are three phases in the analy- 
sis of the results which need to be 
considered and these phases may be 
stated in the form of questions as 
follows: 

(1) How does the Achievement Test 
separate those students who have 
achieved minimum standards from 


those who have failed to do so, judged 


by the grades assigned to them in the 
course at the different institutions? 

(2) How well does the Achievement 
Test measure the mental achievement 
of the student as judged by the grades 
assigned to him in the course? 

(3) How well do the individual 
questions serve to differentiate between 
high-grade and low-grade students? 

Distribution of Grades——Table II 
shows the percentage of each of five 
grades, A, B, C, D, and E, assigned by 
each institution and the average for all 
institutions. As might be expected 
there is a wide variation in the per- 
centages of each grade at the various 
institutions, for A, from 5.8 to 14.8; 
for B, from 16.0 to 31.9; for C, from 
24.1 to 49.1; for D, from 13.6 to 28.3; 
and for E, from 6.8 to 27.4. If these 
differences are due entirely to the qual- 
ity of the students, the Achievement 
Test results should run parallel to 
these values, which they do not do. 

Correlation of Test Scores with 
Grades.—Table III shows another as- 
pect of variation. It gives the average 
Achievement Test score at each insti- 
tution for all the students receiving a 
given grade. For instance for Test D 
in Institution No. 3 the average score 





TABLE II 


PERCENTAGES OF VARIOUS GRADES IN COURSE 
ASSIGNED BY DIFFERENT INSTITUTIONS 














Institu- | Number Grade 

tion of 

Number Papers e B Cc D E 
1 191 7.3 |17.8 |33.0 |28.3 |13.6 
2 135 14.8 {31.9 |24.4 |16.3 |12.6 
3 325 5.8 |16.0 |31.4 |19.4 |27.4 
4 59 8.5 |22.0 |49.1 |13.6| 6.8 
5 83 9.6 |25.3 |24.1 |25.3 |15.7 
6 104 10.6 |17.3 |32.7 |21.1 |18.3 
7 66 6.1 |27.3 |34.8 |22.7 | 9.1 
All 963 8.4 |20.7 |31.6 |21.3 |18.0 
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TABLE III 
AVERAGE NUMBERS AND SCORES OF STUDENTS IN EACH OF FIVE GRADES 
Test C 
Institution Number * 
Grade 
All 1 2 4 
A No. Stud. 40 15 20 5 
Score 83.8 83.3 84.0 85.0 
B No. Stud. 89 33 43 13 
Score 74.8 74.2 76.7 70.0 
c No. Stud. 124 62 33 29 
Score 67.2 67.9 68.5 64.5 
D No. Stud. 84 54 22 8 
Score 60.9 60.0 65.7 53.7 
E No. Stud. 48 27 17 4 
Score 57.6 54.8 61.8 58.7 
Test D 
Institution Number 
Grade 
All 1 2 3 5 6 7 
A No. Stud. 76 14 20 19 8 11 4 
Score 71.4 77.1 88.0 56.3 75.0 74.5 60.0 
B No. Stud. 186 34 43 52 21 18 18 
Score 56.1 55.6 64.7 50.0 53.3 65.0 51.7 
C No. Stud. 275 63 33 102 20 34 23 
Score 47.7 44.8 52.1 40.7 47.0 62.1 56.6 
D No. Stud. 197 54 22 63 21 22 15 
Score 42.1 39.8 50.5 38.0 37.6 52.7 43.3 
E No. Stud. 170 26 17 89 13 19 6 
Score 33.5 27.3 37.6 32.2 34.6 42.1 48.3 





























for 19 students receiving the grade of 
A was 56.3 while in Institution No. 2 
the average score for 20 students was 
88.0. It seems strange that so many 


students of A grade should score so 
poorly on an entire test (not merely 
on a single question) of this character. 
There seems to be only a reasonable 


variation between institutions on Test 
C but only three institutions gave this 
test. : 

The variation in the score on the 
Achievement Test and the grade in the 
course is shown in detail for the var- 
ious institutions in Table IV. It will 
be noted that no student writing Test D 


ee 
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who received a grade of E in the course 
made a score in excess of 70 but that 
a number of those who received a 
grade of A scored very low. The as- 
signment of a:grade of E for a student 
scoring rather high in the Achievement 
Test may be justified on the ground 
that he did not fulfil other necessary 
requirements but it seems more dif- 
ficult to understand, barring illness or 
unusual circumstances, why an A stu- 
dent should be unable to answer such 
a large proportion of the questions on 
Test D. This statement does not im- 
ply that I have any criticism to make 
of the grades assigned, it merely means 
that I am calling these anomalies to 
your attention. It should be said, how- 
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ever, that some instructors feel strongly 
that many students do poorly on an 
examination of a type to which they 
are not accustomed. 

It was stated earlier that Tests C 
and D together furnish a somewhat 
better criterion of high achievement 
than either test does alone. Only two 
institutions gave both tests but since 
there were 325 students involved there 
should be a fair degree of reliability. 
The data are shown in Table V where, 
instead of the five grades, the division 
is into three groups: High, A and B; 
average, C and D; and failure, E. 

It will be noted that four persons 
in the high group made scores of 41-50 
but that none who received a failure 


TABLE IV 


NUMBER OF STUDENTS WHOSE SCORE ON THE ACHIEVEMENT TEST 
FELL IN THE LEVEL INDICATED 


























Test C 
Grade oe 
in Inst. No. 

— 15-20 | 25-30 | 35-40 | 45-50 | 55-60 | 65-70 | 75-80 | 85-90 |95-100| Total 
A 1 0 0 0 0 0 3 3 5 4 15 
2 0 0 0 0 0 2 6 9 3 20 

4 0 0 0 0 0 1 0 + 0 5 

All 0 0 0 0 0 6 9 18 7 40 

B 1 0 0 0 2 1 12 12 6 0 33 
2 0 0 0 1 3 11 13 14 1 43 

4 0 0 0 0 4 1 8 0 0 13 

All 0 0 0 3 8 24 33 20 1 89 

C 1 0 0 0 1 16 29 13 3 0 62 
2 0 0 0 1 9 9 11 3 0 33 

+ 0 1 0 4 $ 13 4 2 0 29 

All 0 1 0 6 30 51 28 8 0 124 

D 1 1 0 2 8 18 22 3 0 0 54 
2 0 0 0 1 4 13 4 0 0 22 

4 0 0 3 2 1 0 2 0 0 8 

All 1 0 5 11 23 35 9 0 0 84 

E 1 0 2 + 5 8 6 2 0 0 27 
2 0 0 1 2 6 6 1 1 0 17 

4 0 0 0 1 2 1 0 0 0 + 

All 0 2 5 8 16 13 3 1 0 48 
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TABLE IV. (Continued) 
Test D 
Grade Sense 
in Inst. No. 

Course o | 10 | 20 | 30 | 40 | so | 60 | 70 | 80 | 90 | 100 Total 
A 1 0 0 0 0 1 1 1 2 3 5 1 14 
2 0 0 0 0 0 0 0 2 5 8 5 20 

3 0 1 1 1 1 3 7 2 1 2 0 19 

5 0 0 0 0 1 1 0 1 2 2 1 8 

6 0 0 0 0 0 1 2 2 4 1 1 11 

7 0 0 0 1 0 1 0 1 0 1 0 4 

All 0 1 1 2 3 7/10] 10); 15)}19] 8 76 

B 1 0 0 0 4 3 |} 10 7 7 3 0 0 34 
2 0 0 0 1 4 7 9 | 14 2 4 2 43 

3 2 0 4 6 8 | 12 7 7 4 1 1 52 

5 0 0} ,2 3 3 4 2 3 2 2; 0 21 

6 0 0 0 1 2 2 4 2 5 2 0 18 

7 0 1 1 1 5 0 5 4 0 1 0 18 

All 2 1 7116} 25 | 35 | 34] 37 | 16} 10] 3 186 

“ 1 0 4 5 Si iii} i2 2 4 0; 0 63 
2 0 0 1 5 Yi gm 7 1 3 1 0 33 

3 4 6} 15 | 12 | 22 | 18 | 16 6 1 1 1 102 

5 0 0 3 3 3 4 3 3 1 0; 0 20 

6 0 0 0 2 1 | 10 5 8 7 1 0 34 

7 0 1 1 2 3 2 6 5 1 0 2 23 

All 4 11 | 25 | 29 | 51 | 58 | 49 | 25 | 17 ais 275 

D 1 0 5 8 3} 18] 10 8 1 1 0 0 54 
2 0 0 1 2 4 9 2 2 2 0 0 22 

3 1 6 | 14 9 8 | 13 9 2 0 1 0 63 

5 0 0 4 5 6 5 0 1}; *0 0; 0 21 

6 0 0 0 2 6 5 4 3 2 0; 0 22 

7 0 1 0 5 4 1 1 2 1 0; 0 15 

All 1 12 | 27 | 26 | 46 | 43 | 24} 11 6 1 0 197 

E 1 1 4 8 5 5 2 1 0 0 0 0 26 
2 0 1 2 5 5 1 2 1 0 0; 0 17 

3 3 12 | 15 | 18 | 19} 18 3 1 0 0; 0 89 

5 0 1 5 1 1 3 2 0 0 0; 0 13 

6 0 1 2 1 8 3 5 1 0 0; 0 19 

7 0 0 0 0 3 2 0 1 0 0; 0 6 

All 4 19 | 32 | 30 | 41 | 29] 11 4 0 0; 0 170 












































made a score in excess of 70. If one 
were compelled, however, to rely on 
these tests alone, that is Test C or 
Test D, or a combination of the two 
of them, it must be agreed that they 
would not be very conclusive. In 
either C or D separately or C and D 


together, no matter where the line is 
drawn there would be a number of 
students who would be excluded who 
should pass and a number included 
who should not pass. Of course this 
situation is accentuated by the appar- 
ent lack of uniformity of grades in the 
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TABLE V 


NUMBER OF STUDENTS, IN EACH OF THREE GROUPS, WHO MADE THE AVERAGE 
ScorEs INDICATED ON TEsTs C AND D 














Giaite Average Score 
in Inst. No. 

Course 11-20 | 21-30 | 31-40 | 41-50 | 51-60 | 61-70 | 71-80 | 81-90 |91-100] Total 

A,B 1 0 0 0 4 9 14 12 6 3 48 
2 0 0 0 0 8. 13 20 16 6 63 

SA 1 0 1 16 29 47 18 5 0 0 116 
2 0 0 0 7 29 14 4 1 1 55 

E 1 2 5 6 8 5 0 0 0 0 26 
2 0 0 4 7 3 3 0 0 0 17 






































different institutions. Maybe the ques- 
tions are too difficult or there is not 
enough time allowed for a proper study 
of each one. Certainly the claim can- 
not be substantiated that the Achieve- 
ment Tests are too easy. It is of in- 
terest that Institution No. 5 gave Test 
D to a group of about 80 students 
since the data in this report were an- 
alyzed, and the results were approxi- 
mately the same as those given here. 


INDIVIDUAL QUESTIONS 


The next step is to study the indi- 
vidual questions in each test and to try 
to determine whether some questions, 
and which ones, have a high degree of 
correlation with the grade in the course. 
Similarly it is desired to find those 
questions which are so difficult that but 
few students are able to answer them. 
To a degree at least both of these 
questions, the too-difficult and the too- 
easy, are not satisfactory ones as a 
measure of achievement in the course. 
The correlation of the scores on each 
question with the grade in the course 
is given in Table VI. Since there are 


considerable differences between insti- 
tutions both as to percentages and as 
to number of students, the averages for 


all institutions will furnish the best 
criterion of the value of the questions 
to differentiate between students. 

In Test C, Questions 2, 4, 13, 14 
and 15 all give low scores while Ques- 
tions 1, 3, 5, 9 and 12 give high scores. 
Question 10 is not too high but it does 
not differentiate between high-grade 
and low-grade students. Questions 6, 
7, 11, 16, 17, 18, 19 and 20 are fairly 
good. Similarly in Test D, Questions 
3, 5, 7 and 9 are too low while Ques- 
tion 2 does not seem to differentiate. 
This leaves Questions 1, 4, 6, 8 and 10 
of Test D which are, on the average, 
fairly satisfactory. 

The scores for Questions Nos. 6, 7, 
11, 16, 17, 18, 19 and 20 of Test C are 
given in Table VII and those for Ques- 
tions Nos. 1, 4, 6, 8 and 10 are given 
in Table VIII. 

It is obvious that a small number of 
questions makes possible many wide 
variations and also that as the number 
of papers increase there is a greater 
possibility of extremes in the results. 
These variations are especially pro- 
nounced in Table VIII where only five 
questions and a large number of papers 
are considered. The best results, from 
the selected questions, are those shown 
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TABLE VI 


NUMBER AND PERCENTAGES OF STUDENTS, IN EACH OF THREE GROUPS, WHO GAVE CORRECT 
ANSWERS TO THE VARIOUS QUESTIONS 


Percentages at Each Institution Are Based on the Total Number of 


Students at That Institution 
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Test C 
Institution Number Institution Number 
Ques- Ques- 
tion Grade All 1 2 4 tion Grade All 1 2 4 
No. No. 

No.| % | No.| % |No.| % |No.| % No.| % | No.| % |No.| % |No.| % 

A, B |129 | 48 63 18 A, B \129 48 63 18 

All C, D |208 116 55 37 All | C, D | 208 116 55 37 

E 48 27 17 4 E 48 27 17 4 
A, B |123) 95) 43) 90} 62 [98 18} 100 A, B |118} 91} 43) 90) 56} 89) 17) 95 
1 C, D |183) 88) 93) 80) 54) 98) 36) 97) 11 C, D |180| 87|108| 93) 42) 76} 30) 81 
E 40} 83} 20] 74) 17/100) 3) 75 E 34) 71) 17) 63) 14) 82) 3) 75 
A,B | 66} 51} 24) 50) 30) 48) 12| 67 A, B |127| 98) 47/ 98) 62} 98) 18) 100 
2 C, D {118} 57} 66) 57} 28) 51) 24) 65) 12 C, D |200} 96)112) 97) 54; 98) 34) 92 
E 28| 58} 16] 59} 9} 53) 3) 75 E 45| 94) 24) 89) 17/100) 4/100 
A, B {118} 91} 45) 94) 58} 92) 15) 83 A, B | 82} 64) 35] 73) 38} 60) 9) 67 
3 C, D |189) 91)109) 94) 50) 91) 30) 81) 13 C,D | 96) 46) 54] 47) 30) 54) 12} 32 
E 40} 83) 24) 89) 14) 83) 2) 50 E 22} 46) 10) 37| 10; 59} 2) 50 
A, B | 54| 42) 17| 35) 30) 48] 7| 39 A, B | 82) 64) 28] 58) 46) 73) 8) 44 
4 C, D | 64} 31} 37) 32) 19} 34) 8) 22) 14 C, D | 71} 34) 32) 28) 27) 49) 12) 32 
E 12} 25} 9} 33} 2) 12) 1] 25 E 15} 31) 6) 22} 8] 47) 1) 25 
A, B }117| 91} 40} 83) 61) 97) 16) 89 A, B | 64; 50} 21] 44) 34) 54) 9) 50 
5 C, D {191} 92) 104) 90} 53) 96) 34) 92; 15 C, D |106) 51) 65) 56) 24) 44) 17) 46 
E 36} 75} 23) 85) 11) 65) 2) 50 E 19] 40} 11} 41) 6) 35) 2) 50 
A, B | 99| 77| 37| 77; 53) 84) 9) 50 A, B | 79} 61} 35) 73) 34) 54) 10) 55 
6 C, D |120} 58} 70} 60) 33) 60) 17| 46) 16 C, D |106] 51) 69) 60) 27} 49) 10) 27 
E 19} 40} 9) 33) 7) 41) 3) 75 E 23) 48) 15) 56} 7| 41] 1) 25 
A, B |107} 83} 36) 75) 58) 92) 13) 72 A, B {118} 91) 39) 81) 63/100) 16) 89 
7 C, D |129) 62) 64) 55) 37) 67) 28) 75| 17 C, D |168} 81} 90) 78) 50) 91) 28) 75 
E 25) 52} 10] 37; 12} 71] 3) 75 E 34] 71) 17) 63) 13) 76) 4/100 
A, B | 90} 70} 31) 65) 46). 73) 13) 72 A, B |114| 88} 43) 90) 55) 87| 16) 89 
8 C,D | 94) 45} 53) 46) 25) 45) 16; 43) 18 C, D |171] 82} 97| 84) 45) 82) 29) 78 
E 21) 44; 9} 33) 10) 59} 2) 50 E 32| 67| 18} 67) 12) 71) 2) 50 
A, B |124| 96} 47) 98] 61} 97| 16) 89 A, B |106| 82} 35) 73) 54) 86} 17) 95 
9 C, D |187| 90) 107} 92) 47) 65) 33) 89) 19 C, D |114} 55} 58] 50} 31) 56) 25) 67 
E 38} 79| 20] 74| 14) 82) 4/100 E 24| 50} 13] 48} 9) 53) 2) 50 
A, B |100) 77| 42) 88) 47) 75) 11) 61 A, B | 95) 74| 33) 68) 47| 75) 15) 83 
10 C, D |129} 62) 73) 63) 37; 67) 18] 49) 20 C, D | 88) 42) 40) 35) 28) 51) 20] 54 
E 33} 69) 18) 67| 13) 76) 2) 50 E 14] 29} 7| 26} 5} 29) 2] 50 
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TABLE VI. (Continued) 
Test D 
Institution Number 
Question | Grade All 1 2 3 6 7 

No. % | No. % No. % | No. % | No % No. | % No. % 

A,B | 261 48 63 71 28 29 22 

All C.D (45 117 55 167 42 56 38 

E 168 26 17 87 13 19 6 
A,B |199!| 76 42} 87 | 52 | 82 46; 65 | 20 | 71 | 27 | 93 | 12 | 55 
1 C,D |327)| 69 68} 58 | 37 | 67 |117| 70 | 34 | 81 | 44 | 79 | 27 | 71 
E 88 | 52 10 | 38 7 | 41 45 | 52 9 | 69 | 14 | 74 3 | 50 
A,B |220| 84 39} 81 | 56 | 89 59} 83 | 23 | 82 | 25 | 86 | 18 | 82 
3 C,D | 368} 77 83| 71 | 34 | 62 | 140] 84 | 36 | 86 | 48 | 86 | 27 | 71 
E 118 | 70 | 17) 65 9 | 53 | 63] 72 | 11 | 84] 14] 74 4 | 67 
A,B }117| 45 19} 40 | 37 | 59 30 | 42 | 13 | 46} 14 | 48 4 | 18 
3 C,D | 125} 26 i} i ist SS 43} 26} 13 | 31 19 | 34 | 15 | 40 
E 33 | 20 Si. &2 3 | 18 21} 24 2) 15 2} 11 a 
A, B |201| 77 43 90 57 | 91 37| 52 | 21 | 75 | 25 | 86 | 18 | 82 
4 C,D | 278) 58 90] 77 | 41 | 75 58} 35 | 20 | 48 | 42 | 75 | 27 | 71 
E 76 | 45 12} 46} 11 | 65 29 | 33 3 | 23 | 17 | 89 4 | 67 
A,B 90 | 35 13| 27 | 35 | 56 15 | 21 612 14 | 48 a 1 Ze 
5 C, D 66; 14 12} 10 | 16} 29 18} 11 1 2 14 | 25 S143 
E 12 7 0 0 5 | 29 2 2 0 0 3 | 16 Ee 
A,B {453} 59 21| 44 | 52 | 82 30 | 42 | 15 | 54 | 20 | 69 | 15 | 68 
6 C,D | 184} 39 39 | 33 | 35 | 64 43| 36 | 10 | 24} 34] 61 | 23 | 61 
E 371 22 4] 15 4} 24 18} 21 5 | 37 2 11 4 | 67 
A,B |128| 49 20} 42 | 34 | 54 37:4 52 24.1 30} 85.1:52 8 | 36 
7 C,D {| 107} 25 131 811 85 | 37-1 Le Se Be 9] 16] 10} 26 
E 27 | 16 2 8 6 | 35 14| 16 0 0 3 | 16 24 ds 
A, B |166| 64} 33] 69 | 46 | 73 | 33] 46 | 20} 71 | 20 | 69 | 14 | 64 
8 C, D | 206) 43 60; 51 | 21 | 38 38 | 23 | 19 | 45 | 43 | 77 | 25 | 66 
E 49 | 29 5| 19 7 | 41 18} 21 4] 31 10 | 53 5 | 83 
A,B | 131} 50 24; 50 | 41 | 65 33 | 46 | 13 | 46 | 14 | 48 6 | 27 
9 C,D |180}| 38 44} 38 | 26 | 47 53 | 32 | 14 |} 33 | 28 | 50 | 15 | 40 
E 41 | 24 4] 15 y ee 29 | 33 2:45 4] 21 0 0 
A, B |192| 74 | 40] 83 | 44 | 70 | 46] 65 | 22 | 79 | 25 | 86] 15 | 68 
10 C,D |294| 62 | 71] 61 | 37 | 67 | 94] 56 | 25 | 60 | 46 | 82 | 21 | 55 
E 87 | 52 11| 42 | 10 | 59 | 41; 47 | 10 | 77 | 12 | 63 3 | 50 










































































in Table IX which is a combination of 
Tests C and D for the two institutions 
which gave both tests. 


While there 


are some high-grade and average stu- 
dents who made very low scores and 
some low-grade students who made 
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good scores it does not seem that there 
are many more extreme cases in these 
scores than might occur in any final 


NUMBER OF PAPERS AT VARIOUS AVERAGE SCORES, BASED ON EIGHT QUESTIONS oF Test C, 
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examination covering the same num- 


ber of papers. 


If this conclusion is 


justified it is one of the most satis- 


TABLE VII 


FOR EACH OF FIVE ASSIGNED GRADES 


















































Number Score 
Grade of 
Papers 12 25 37 50 62 75 87 100 Av. 
A 39 0 0 0 2 0 9 14 14 87.0 
B 90 0 0 5 5 14 16 36 14 78.3 
Cc 124 0 3 8 18 30 37 22 6 66.3 
D 84 1 3 11 25 20 15 9 0 58.6 
E 39 2 3 8 6 6 8 5 1 56.7 
Total 376 3 9 32 56 70 85 86 35 
TABLE VIII 


NUMBER OF PAPERS AT VARIOUS AVERAGE SCORES, BASED ON FIVE QUESTIONS OF TEST D, 
FOR EACH OF FIVE ASSIGNED GRADES 









































Number Score 
Grade of 
Papers 0 20 40 60 80 100 Av. 
A 78 1 1 8 8 29 31 80.0 
B 184 4 9 26 60 60 25 65.9 
4 272 15 31 56 79 65 26 56.6 
D 198 11 28 51 58 40 10 51.9 
E 160 14 49 39 38 17 3 40.5 
Total 892 45 118 180 243 211 95 
TABLE IX 


NUMBER OF PAPERS WRITING VARIOUS SCORES, BASED ON THIRTEEN QUESTIONS FROM TESTS 
C anD D, For EAcH oF FIVE ASSIGNED GRADES 

















Number Scores 
Grade of 
Papers | g | 15 | 23 | 31 | 38 | 46 | 54 | 62 | 69 | 77 | 85 | 92 | 100] Av. 
A 34 0 0 0 0 0 0 0 1 2 2 8} 17] 4 | 88.2 
B 77 0 0 0 0 0 3 3 8 | 18 10 | 23 9] 3 76.3 
c 95 0 0 0 0 3 9} 17 | 16 | 22 11 | 14 3 | 0 | 65.7 
D 76 0 0 1 3 7 8 | 18 | 15 | 15 6/ 2 1 0 | 58.0 
E 43 1 3 2 4 7 8 3 7 3 4 1 0; O | 47.7 
Total | 325 | 1 | 3 | 3 | 7 | 17| 28 | 41 | 47 | 60 [110] 48 | 30| 7 
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fying in the whole study because it 
seems to indicate something of the 
number and type of questions needed. 


CONCLUSIONS 


(1) The results are rather disap- 
pointing but they substantiate in a 
general way the results of last year’s 
work. 

(2) There is a widespread feeling 
among instructors that tests such as 
those used here are not sufficiently 
comprehensive, that they do not test 
the ability of the student to handle any- 
thing but the simple cases. The test 
results do not seem to entirely justify 
this feeling. 

(3) The percentage of each of the 
five grades assigned by the different 
institutions varies greatly. 

(4) There is evidence that certain 


topics receive more attention at some 
institutions than at other institutions. 


The topic of resultants scores poorly. 


at all institutions. 

(5) The average scores at the dif- 
ferent institutions vary a great deal; 
for Test D there is a variation of 16.5 
per cent below and 33.6 per cent above 
the mean. 

(6) An astonishingly large number 
of students are unable to answer cor- 
rectly a reasonable number of simple 
questions. Many high-grade students 
are in this category. 

(7) Certain questions appear to be 
definitely satisfactory while others are 
not satisfactory. 

(8) There seems to be considerable 
likelihood that a better test than those 
used so far can be built up on the basis 
of Tests C and D. 
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Economics and Engineering Education“ 


By D. O. BOWMAN 
University of Michigan 


Professor A. I. Peterson’s able paper 
in this JourNatf set forth levels of 
problems through which the engineer, 
as an engineer in technical practice, 
moves. Starting with the initial stage 
where the engineer deals with prob- 
lems of design and operation, Profes- 
sor Peterson then described the next 
two stages of quantitative resolution of 
problems of technical enterprises and 
the analysis of growth and perform- 
ance of industries and public works, 
finally moving to the problems beset- 
ting an entire economy. The succes- 
sive stages were‘characterized by pro- 
gressively larger and more complex 
intellectual areas. This paper is to be 
regarded as an addendum to that of 
Professor Peterson, and is presented 
by one whose training and work has 
been in General Economics and re- 
lated fields. 

The purpose of this paper is two- 
fold: (1) To indicate that in the 
analysis of the theoretical price struc- 
ture—the most important function of 
General Economics—the method is 
similar to (perhaps identical with) that 
employed in Engineering Economics ; 
and (2) To outline the substantive 
content of General Economics and 
thereby indicate that the engineer, as 


* Presented at the 50th Anniversary Meet- 
ing (Engineering Economy), S. P. E. E., 
Chicago, IIll., June 18-22, 1943. 

+ New Series, Vol. XXXI, No. 9, “Eco- 
nomics in Mechanical Engineering.” 


such, might well be familiar with more 
than a smattering of General Econom- 
ics. Implicit throughout the concern 
is with training persons so that they 
can better perform the engineering 
functions of a higher level. 

A moment’s reflection will quickly 
lead to the perception that there is 
scarcity in services and resources 
(land, labor capital) relative to wants. 
It is apparent, then, that economizing 
is necessary; that there is a problem 
of allocating to the competing wants 
the available services (in whatever 
form such services appear) and the re- 
sources from which services flow. 

Whether society organizes itself on 
a basis of private or social ownership 
of resources, there is always the prob- 
lem confronting the community as to 
which consumers get which services 
and in what quantities, in which direc- 
tion are the resources to be spent, how 
much -of present production shall be 
immediately consumable and how 
much devoted to future production of 
services, etc. In the absence of* com- 
pletely irrational determination, such 
decisions (choices) must be made on 
the basis of alternatives, which is to 
say value judgments. The mechanism 
by which allocation is accomplished is 
the price (value) system and the study 
of General Economics is a study of 
that price mechanism. Demand, sup- 
ply, and price are the elements of this 
field of study. 
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With the price mechanism as the 
focal point, the economist develops sys- 
tems through progressive stages. Con- 
sumption, distribution, and production 
are really segments of the price uni- 
verse, and in each segment the econo- 
mist employs the principle of choices 
(values) in light of a series of alterna- 
tives. The “time-value of money” 
principle (as it is sometimes expressed 
by engineers) is accepted not because 
money itself has any but functional 
(in the exchange sense) value over 
time, but because by the use of mone- 
tary symbols society has a mechanism 
with which to measure alternatives in 
order to make choices as between proj- 
ects. Purchase prices (in monetary 
terms usually) are, of course, the dis- 
counted sums of anticipated flows of 
future services (from, for example, a 
pair of shoes or a new turbine). This 
is true for both private and social proj- 
ects and calculations regarding them. 

The field of consumption is really a 
study of the consumer’s activity when 
he is confronted with the necessity of 
making choices. The problem is one 
of choosing as between competing al- 
ternative lines of expenditures, and the 
consumer seeks to make alternatives 
equivalent in costs, which is to say 
that through substitution of one al- 
ternative for another he equalizes the 
rate of return for anticipated incre- 
mental expenditures. For the con- 
sumer, the rate of return, however 
measured, is in some desired service, 
such as, say, the shelter provided by 
housing, a train ride, or the satisfac- 
tion acquired from the consumption of 
food. Insofar as the consumer cannot 
recognize discreet alternatives his own 
economy is irrational and subject to 
the dictates of chance. There are al- 


most no consumers completely devoid 
of rationality patterns in the real 


world, although it is a pleasant intel- 
lectual pastime for consumers to re- 
gard others, both near and far, in the 
income range, as irrational in their 
choices. 

Production and distribution _ have 
their origin in and receive their guid- 
ance from the activities of the con- 
sumer. The flow of services desired 
by the consumers are provided by the 
producing units, which vary in size 
and organization. There is employed 
here, too, the operation of the alterna- 
tive and choice principle in the com- 
bination, by the producer, of unlike 
productive factors (land, labor, capi- 
tal). Guiding and ruling possible com- 
binations (i.e. alternatives) in the pro- 
ducer’s quest to obtain the minimum 
cost * is the value (cost) principle, 
which leads to an unending series of 
combinations of substitutable (in vary- 
ing degree) factors until the producer 
reaches the margin of indifference. At 
that margin the rates of return on all 
possible lines of expenditures are equal 
and the producer therefore has the best 
combination—1.e., he has achieved the 
minimum cost combination. ‘“Func- 
tional distribution” as reflected in re- 
ceipt of income over and beyond the 
transfer of capital is performed as pro- 
duction occurs through factor com- 
bination. As the producer buys fac- 
tors (resources), the owners of units 
of those factors receive their values, 
which are cost to the producer. Those 
payments are used to purchase alterna- 
tive flows of services and the system 
is complete. Thus, General Econom- 
ics employs the minimum-cost prin- 
ciple (or if you like, the competing 
alternatives and choice as dictated by 


* Leon Henderson is said to be the origi- 
nator of the very apt and economic state- 
ment that, “One man’s price is another man’s 
cost.” 
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value judgments) in consumption, in 
the broader fields of production and 
distribution, and in the economy as a 
whole. Equivalency of rates of re- 
turn in consumption and production 
means that in the production process 
the economy automatically tends to 
equalize and maximize the rate of re- 
turn (services) from its resources, and 
the societal choices necessary to direct 
the use of resources, the distribution of 
values, present vs. future services, etc., 
are made through the market and price 
mechanism. 

The theoretical structure here 
erected, as in engineering systems, is 
not without flaws. Unpredictables and 
imponderables do enter and the free 
economy has no directing mentality 
that can introduce the engineering 
safety factor. But in its broad out- 
lines the structure does exist, it does 
operate although with varying speeds, 
and economists are striving to discover 
its “bugs.” The engineer needs to un- 
derstand such a system, and its study 
ought to be regarded as an extension 
and a continuation of his Engineering 
Economics and his engineering educa- 
tion. 

The belief that General Economics 
is a hodge-podge of “social concepts” 
is understandable, for in the process of 
allocation it is continually being dis- 
covered that different segments of so- 
ciety have different ends to be attained. 
And, indeed, many of society’s func- 
tions and ends are not easily, or in 
some instances not at all, reducible to 
value (dollars) treatments. Here, too, 
there is often misunderstanding be- 
cause individuals confuse logically their 
private economy with economy as it 
appears in the aggregate, and there is 
a failure to realize that a line of rea- 
soning on an individual economic prob- 


lem can seldom be applied to the forces 
of an entire economy. 

Price economics, which is to say 
“scarcity” economics, is annoying to the 
engineer because it appears that Eco-. 
nomics is not “practical” and that “it 
is not exact” because it deals with “hu- 
man nature.” Economics, of course, 
is no more trade schoolish than is en- 
gineering properly conceived. If in a 
course in Economics the student were 
to be taught how to write checks, such 
training would be in the same intel- 
lectual category as teaching a student 
engineer how to do wood work in the 
shop. In reality, every engineering 
faculty regards as most fundamental 
and basic the development of the stu- 
dent’s intellectual processes and his 
analytical techniques—that is, training 
in abstract thinking and _ scientific 
method. Although the factors and 
subject matter differ, in both econom- 
ics and engineering there is induction, 
deduction, conclusions based upon ex- 
perience, and reasoning from assump- 
tions. (Are not engineers often la- 
belled “Assumption experts”?) To 
say that economics is not exact only 
indicates that the number of variables 
in economics renders the problems 
difficult and the conclusions more “if” 
in character. An allegation of inexact- 
ness indicts any scientific effort, and 
such an indictment should be made 
with caution. The writer, for example, 
has been told by both graduate and 
student engineers that economists 
should settle upon a new unit of meas- 
urement, since the dollar varies in 
value significance over time. Apart 
from the fact that the economist did 
not invent the “dollar,” and in any 
event has no right to impose a “unit of 
measurement” on the economy ; apart, 
too, from the fact that the dollar is but 
a symbol of generalized purchasing 
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power and therefore itself shifts in 
value even while functioning to reflect 
value judgments of goods and serv- 
ices, there is as much reason in the 
employment of the “dollar” as a meas- 
uring unit as there is reason for the 
employment of “measuring units” in 
other fields. The meter, the gram, the 
foot-pound, the decible, the watt, the 
B.T.U., the h.p. and the r.p.m. are as 
arbitrary and ex definitione as a legis- 
lative enactment defining the dollar as 
13.7 grains pure gold. The important 
focus in all fields is on approach, re- 
lationship, and classification, not on the 
symbols and language used. 

True, the conclusions reached in 
economics do depend upon human be- 
ings selecting one alternative rather 
than another, but generalizations can 
be empirically determined and: varia- 
tions can always be handled by as- 
sumption. Even where group or indi- 
vidual actions cannot be empirically 
determined it does not follow that all 
is hopeless; rather, there is a range of 
possible problems and possible solu- 
tions. It is incumbent upon the econo- 
mist to select the bases of reasoning 
(assumptions) with care, for the logic 
displayed is secondary in difficulty and 
importance to such selection. But this 
methodological problem is not unique 
to economics ; it is met with by all who 
use logic. 

Beyond the logical method and ana- 
lytical techniques which have been built 
up over time and which are an essen- 
tial and major element in this field of 
study ; and in a way separate from the 
necessity of learning such technique 
and the nomenclature of the field if one 
is to progress beyond Pedestrian Eco- 
nomics, there is in addition to the 
theoretical structure outlined, other im- 
portant material covered in General 
Economics. 
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One prominent problem is, of course, 
the periodic paradox of goods being 
unavailable in the midst of unused re- 
sources—that is, the problem of unem- 
ployment of our available labor and 
capital, such as confronted the society 
in the past decade. The problem seems 
unreal and far away in 1943, when the 
difficulty is a shortage of resources. 
But the problem will occur and recur 
with dramatic vitality in the post-war 
years and may again be the economic 
problem. Study of this problem 
quickly engulfs one in a consideration 
and comparison of swings in economic 
activity as a whole—commonly called 
business cycles—and leads in turn to 
searching for causes. Thus one soon 
must consider our monetary and bank- 
ing system, our savings and investment, 
our social and economic institutions, 
and indeed the whole operation of our 
price system. Such a study is not 
without its “practical” aspect; the de- 
cisions of society’s leadership often 
hinge upon knowledge of economic 
events and causes, and all of society, 
including its business concerns and its 
executives, are caught in the sweep of 
cyclical forces. This problem is so in- 
sistent and immense that economists 
welcome the engineering technique 
where applicable, but they rightfully 
insist that the engineer apply the coldly 
objective approach rather than offer 
the panaceas of some political hack, 
who appeals to their social biases. 

Another major problem is that of 
the relation of technology and econom- 
ics, a problem hardly new but persist- 
ent. True, insofar as the engineer is 
responsible for technological change 
he is justly praised for making avail- 
able greater quantities and more kinds 
of goods. As such activity solves cer- 
tain social and economic problems, it 
also creates other. “The invention of 
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the art of invention” * has created ter- 
rific problems of economic adjustment. 
Technological change maladjusts the 
working population and brings unem- 
ployment for varying lengths of time 
for different groups in the economy. 
New devices, new methods, and differ- 
ent organization, often brought by the 
engineer, alter or destroy existing 
values, rupture going enterprises, ren- 
der equipment obsolete, and create the 
need for new analyses of “technical 
costs,” both fixed and variable. The 
engineer, in his analysis of particular 
problems where economic justification 
is at issue, can better solve a problem 
of the lower level if he comprehends 
the nature of the ascending levels. It 
was not a failure to comprehend the 
engineering level, but a failure to un- 
derstand the higher economic level that 
turned technocracy, which was genu- 
inely interested in the impact of tech- 
nology, into another socio-economic 
Roman candle. 

The world is presently engaged in a 
behemoth of war. When that war 
ceases, domestic and foreign trade pat- 
terns will have been torn down. New 
products, new organizations, new meth- 
ods will emerge. The economy in gen- 
eral and the enterprise in particular is 
affected by the flow of trade and con- 
sequent international ties in a world 
that is constantly shrinking because of 
the efforts of the engineers. As an im- 
portant cog in the economy, the engi- 
neer should comprehend the rudiments 
of international economics; and he 
should not regard his responsibility as 
ended when he has set the stage for a 
greater production flow. The “eco- 
nomic reality” of contemplated proj- 
ects may well be determined by what 


*T. N. E. C. Hearings, Technology and 
Concentration of Economic Power, Part 30, 
p. 16212. 
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are designated as “International Eco- 
nomics,” and the fundamental rela- 
tionships should be understood. 

Finally, in an economy where gov- 
ernmental intervention and controls 
are expanding and changing in char- 
acter the engineer should have a solid 
realization of the economic functions 
which are or can be performed by gov- 
ernment. Even when the “agency” is 
established, the economic reality of 
possible governmental projects can be 
demonstrated only if the engineer is 
able to view government as the basic 
agency of the society. The provision 
of social security, the scope of services 
to be provided by government, the or- 
ganizational requirements necessary to 
administration of government, all are 
subjects to which the engineering 
training can address itself, not only to 
improve the general level of knowledge 
but also to aid in the solution of such 
pressing problems. 

The economist is not trained to 
teach Engineering Economics. That 
should be done by engineers. The en- 
gineers are not specialists in General 
Economics and persons trained in that 
field must instruct such courses. But 
as is often found, the two fields com- 
plement each other when the profes- 
sional talent of each field understand 
the intellectual outlines of the adjoin- 
ing field. Those who teach Economics 
and those who teach Engineering have 
a joint responsibility to impress upon 
the Engineering student that General 
Economics is a different but integral 
part of that area of his Engineering 
Training devoted to the development 
of his intellectual armor. 


DISCUSSION 


K. W. Jappre’ (Hercules Powder 
Co.): Dr. Bowman’s paper is a plea 
for economic theory as having a place 


ee 
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in the background of our thinking 
about engineering economy. I concur. 
On occasion, it has a place in the fore- 
ground. It should pervade our proc- 
esses. The author’s suggestion that 
the engineer “can better solve a prob- 
lem of the lower level if he compre- 
hends the nature of the ascending 
levels” seems utterly sound. Perhaps 
the thought could be broadened and 
extended. We have a lot of economic 
illiteracy in this country. We should 
do something to safeguard against 
illiteracy of this sort among our stu- 
dents. 

I like the stress placed on the busi- 
ness cycle as a focus in economic 
thinking. It should surely be a focus 
in our engineering economic thinking. 
This means some serious study of the 
separate phenomena which combine to 
bring about the manifestations of the 
business cycle. Do we not sometimes 
in our engineering economics work too 
much with patterns and too little with 
fundamentals? In a problem we are 
told to “assume” 6 per cent interest. 
Do our students realize that back of 
the assumption is a whole volume of 
fact and practice and philosophy, fully 
comparable with the body of such 
things which might lie back of a 
parallel assumption of a station econ- 
omy of 16,000 B.t.u. per kw.-hr.? 

Dr. Bowman recognizes amiably the 
value of the engineering point of view 
to the economist. With the mutual 
appreciation which this implies the two 
fields will in fact converge, but I 
wonder how many institutions give to 
engineering students, courses in both 
economic theory and in engineering 
economics. There would seem to be a 


general lack of time for this, and vari- 
ous compromises result, such as stress 
on what is called industrial economics. 
Perhaps it is arguable that the engineer 
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in this field should learn some general 
economics. Of course, there is the 
obvious danger which arises where he 
doesn’t learn enough of it and with 
sufficient thoroughness. 

Russett C. Putnam (Case School 
of Applied Science): At first reading 
the paper on “Economics and Engi- 
neering Education” by D. O. Bowman 
might seem to be largely of academic 
interest at this time because the war 
has upset economic values and con- 
cepts so completely. Actually, how- 
ever, the importance of giving the en- 
gineering student an understanding of 
economic fundamentals is greater to- 
day than ever. 

The engineering students who are 
being trained now will be among the 
leaders in the post-war reconstruction 
and development. The end of the war 
will find the engineer with new mate- 
rials, new techniques and new and dif- 
ferent demands. He may very pos- 
sibly be confronted also with a new 
economic era due to the great war debt 
and the increased importance of the 
government in our economic life. The 
wisdom and value of his work in this 
new, uncharted world will depend on 
his understanding of economic princi- 
ples as well as his knowledge of scien- 
tific and technical fundamentals. 

James C. Criarx (University of Ari- 
zona): Let us all be vigilant to com- 
bat, whenever it rears its ugly head, 
the notion that engineers are queer 
people ; that they need special and very 
considerate treatment. That the no- 
tion exists is evident. Courses exist 
that are called “English for Engi- 
neers.” The engineer is simply an 
ordinary cultured person with a spe- 
cial, and very important, function to 
perform in modern society. Hence, 
that the engineer should understand 
General Economics is not surprising. 
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That is a subject that cannot safely be 
slighted by anyone whose functions 
bring him into important relations with 
the leaders in society. “Doctor, lawyer, 
merchant, chief’; they all should be 
familiar with General Economics. 
From this point of view, it might seem 
that papers like those of Dr. Bowman 
and Professor Peterson are superflu- 
ous. Yet it must be remembered that 
today’s engineering curriculum is ex- 
tremely crowded ; that it is up to every 
subject in it continually to justify its 
place. Then too, “progressive educa- 
tion” is rampant in the land, and who 
knows where it may next strike! 

Dr. Bowman says “the engineer . . . 
can better solve a problem of the lower 
level if he comprehends the nature of 
the ascending levels.” I suspect that 
it would be difficult to prove this, 
though I believe it. Going with real 
comprehension of the nature of the 
ascending levels would go the ability 
to handle well the problems of the 
lower levels. Let us look directly at 
the personal problem of the young en- 
gineer. Why should he deliberately 
ham-string his ambition, being content 
with the purely technical phases of en- 
gineering? If he has ability, let him 
aim at the highest levels of engineer- 
ing work. For good performance on 
these levels, good General Economics 
is manifestly essential. 

In mentioning one of the more stag- 
geringly difficult of modern problems, 
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Dr. Bowman says that economists wel- 
come the engineering technique where 
applicable. This lends a little support 
to the idea held by some of the more 
enthusiastic engineers that “the engi- 
neer will have to get in there and 
straighten things out.” This would 
certainly be engineering on the high- 
est level. It would be necessary for 
the engineering “straighten-outer” that 
he thoroughly know his General Eco- 
nomics. 

Dr. Bowman alleges that price eco- 
nomics, because it is concerned with 
human nature and hence cannot be 
exact, is annoying to the engineer. It 
should be noted that all good engineers 
learn, while still young, not to be an- 
noyed when dealing with other human 
beings. It is unquestionably true that 
human nature is unreliable, yet only 
the neophyte engineer fancies that he 
can live serenely in a world wherein 
he may contemplate and calculate only 
physical effects. His older, wiser 
brother anticipates the nature of the 
impact of his findings upon his fellow- 
workers, particularly his executives. 
So I cannot agree that the engineer is 
annoyed by such a difficult intangible 
as human nature; on the contrary, he 
learns to work happily with it. If he 
cannot learn this, the least of his prob- 
able misfortunes is to become known 
as non-cooperative. If he is very non- 
codperative, he will ultimately fail. 








Report of Conference on English 


The first meeting of the English 
Division was the dinner session, in the 
evening of June 18, at the Drake Hotel 
in Chicago. Presiding was Dr. J. L. 
Vaughan, chairman of the division. 
Because of the illness of the secretary, 
Professor Homer H. Nugent, Dr. A. 
M. Fountain was appointed acting 
secretary, and served through this and 
succeeding meetings of the English 
group. 

The chief speaker for the evening 
was Dr. Mortimer Adler, of the Uni- 
versity of Chicago, whose topic was 
“The Background for How to Read a 
Book.” As the assigned title indi- 
cates, Dr. Adler’s talk was centered 
about the philosophies basic to the 
speaker’s recent popular work, “How 
to Read a Book.” Dr. Adler made it 
clear that his book was really a trea- 
tise on the philosophy of education, 
and a condemnation of present-day 
straight-laced educational methods. 
From that point, the speaker no more 
referred to the book, but made prin- 
cipally a discussion of the educational 
systems currently undergoing experi- 
mentation at the University of Chi- 
cago under the speaker and Dr. Hutch- 
ins, president of the university. He 
likewise discussed the similar but more 
complete system in use at St. John’s 
College, where the speaker is a staff 
lecturer. Some reference was made 
to the educational program as set up 
by the army, a program which, it had 
been hoped, would give opportunity 
for additional use of the integrated 
system of instruction; however, the 
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army program, as officially adopted, 
provided no such work. 

At the end of the address, the dele- 
gates entered into a lively period of 
questions and discussion. 

The second session of the English 
conference was the luncheon meeting, 
held at noon, June 19, at the Drake 
Hotel. The chief speaker of this meet- 
ing was J. S. Thompson, Treasurer of 
the S.P.E.E., and Vice-President of 
the McGraw-Hill Book Company. Mr. 
Thompson’s paper, titled “How Can 
We Improve ‘Engineering Books?,” 
was given the subtitle “in wartime,” 
and using that subtitle as a point of 
departure, was devoted to a discussion 
of the changes and restrictions that 
afflict publishers and authors in war- 
time. Especially important among 
these restrictions are those requiring 
smaller margins and thinner paper. 
The speaker illustrated this point by 
displaying copies of the same book in 
the forms in which it appeared before 
and after the restrictions took effect. 
With the changes and wartime restric- 
tions, the book was reduced about one 
fourth in weight and two fifths in vol- 
ume. 

Mr. Thompson’s paper also devoted 
considerable time to a discussion of 
the growing emphasis on illustration, 
and of the technical writer’s eternal 
problem of excess verbiage and lim- 
ited vocabulary. 

The closing session of the confer- 
ence was the afternoon meeting, held 
in the same room as used by the lunch- 
eon immediately preceding. The first 
speech was that of Edwin S. Burdell, 
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Director of Cooper Union. In the 
absence of Dr. Burdell, his paper was 
read by William S. Lynch, Director of 
Humanities, Cooper Union. His title 
was “The Impact of War on the Hu- 
manities Courses,” and the paper dealt 
mostly with the effects so far felt from 
the 1940 report of the Committee on 
Aims and Scope of the Humanistic 
Studies. The material was based upon 
answers to questionnaires sent out by 
Dr. Burdell to seventy-five engineer- 
ing schools. On the basis of returns 
from thirty-nine of the colleges, it 
seems that the report has had consid- 
erable influence on the humanities cur- 
ricula in engineering schools over the 
country. Many of the colleges have 
added humanities, provided for more 
electives, or otherwise broadened the 
liberal training given to engineers. 
However, several colleges have not 
been able to make adjustments to pro- 
vide for more humanistic courses. Be- 
sides, the impact of specialized army 
training courses during the war may 
leave its mark on technical education 
for many years in the post-war period. 

Following Dr. Burdell’s paper came 
a series of short talks by various mem- 
bers of the English faculty of Illinois 
Institute of Technology, under the 
general leadership of Dr. Walter Hen- 
dricks, head of the department. 

First in the series was that of Dr. 
S. I. Hayakawa, whose research and 
writings in semantics have attracted 
international attention. Dr. Hayakawa 
pointed out that semantics teaches the 
proper responses to separate words, 
but does not teach when not to re- 
spond; for example, correct English 
is always looked upon as an affecta- 
tion, while correct mathematics is re- 
garded as respectable and necessary. 
In semantics, the primary considera- 
tion is communication, while the tech- 
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niques are only secondary. Many cur- 
rent habits of excess verbiage are based 
on early conceptions that mere wordi- 
ness is good. 

The next speaker was Dr. M. P. 
Binyon, who complained that fine arts 
courses are usually limited to the arts 
or art appreciation, and have little time 
for language refinement. On _ the 
other hand, he believes, any program 
of liberal arts studies should affect the 
college as much as it does the student. 

Dr. F. R. White discussed methods 
of presenting humanities to technical 
students, pointing out that technical 
schools are fortunate in the absence of 
tradition in such teaching, but are able 
to make use of scientific methods of 
logical evidence and tenable hypotheses. 
It must be remembered that logic is im 
science, not over or under it. 

Dr. S. B. Meech continued the dis- 
cussion of teaching methods by indi- 
cating some of his own ways of se- 
curing interest in the study of Shakes- 
peare. His method centers about the 
Socratic style of questions and an- 
swers, with a maximum of individual 
interpretation from each student. In- 
terest is heightened by much additional 
reading and drawing of comparisons 
between Shakespeare’s age and mod- 
ern times. 

In summary, Dr. Hendricks re- 
minded the conference that the tech- 
nical school has come of age. Both 
students and the faculty are better 
selected than formerly, and both the 
personnel and the curricula are under 
especial attention, because of wartime 
emphasis on technical training. The 
aim of humanities training in technical 
schools should be to integrate rather 
than to separate human knowledge, 
and to enable graduates to express 
themselves rather than to pose as lan- 
guage specialists. 
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The next paper was that of Dr. J. 
H. Rushton, Technical Aide in the 
National Defense Research Commit- 
tee, whose study was based upon the 
quality of reports sent to his office 
from researchers all over the country. 
Dr. Rushton admitted that most of 
his wide travel is caused by poor re- 
ports which give inaccurate or inade- 
quate information. All of these weak- 
nesses are complicated by the secrecy 
which has to be maintained in war- 
time. The speaker used several ex- 
cerpts as illustrations of the tendency 
toward excess wording and vague sen- 
tence structure. He said that profes- 
sional engineers frequently show the 
same tendency as students toward 
hedging and evasion, and general fear 
of writing. 

Chairman Vaughan called a brief 
recess, after which was presented the 
final paper of the conference. It was 
given by Dr. R. L. Shurter of Case 
School of Applied Science, and dealt 
with the humanities in engineering col- 
leges after the war. The speaker be- 
lieves that at the end of hostilities, 
liberal arts courses of all kinds will be 
subjected to rigorous re€xamination ; 
that many changes in education will 
follow the current emphasis on tech- 
nical training ; that the colleges will be 


flooded by students whose work has 
been interrupted by the war; and that 
the general scheme of progress—more 
time to do more better—will continue 
despite the static desires of faculty 
and alumni. Among the matters of 
unfinished business before English 
teachers at that time will be the prob- 
lems of training of teachers for Eng- 
lish in engineering schools; of organi- 
zation of departments of humanities 
in engineering schools; of exchange 
professorships and other means of at- 
tracting competent men into such de- 
partments; of time to be allotted to 
the teaching of humanities; and of 
clear-cut objectives for humanistic 
courses. 

Miss Granville Meixell, librarian of 
Columbia University, gave a progress 
report on the study she is undertaking 
of the libraries in engineering schools 
throughout the country. 

Chairman Vaughan appointed a nom- 
inating committee which will report by 
mail later in the year. On the com- 
mittee he placed H. L. Creek (Pur- 
due), Chairman ; W. S. Lynch (Cooper 
Union); F. H. Gertz (Pratt); and 
Paul V. Thompson (University of 
Colorado). 

Homer H. Nucent, Secretary 
Atvin M. Fountain, Acting 
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The Importance of the Humanities in an 
Engineering Education 


By GANO DUNN 
President, The J. G. White Engineering Corp. 


If an engineer’s training neglects the 
great human mirrors of history and 
languages, particularly his own lan- 
guage; if his mind and heart are not 
sensible to the great social forces of 
his day and of his community; if he 
but feebly develops the subtle quali- 
ties of character that make for per- 
sonality, his career as an engineer is 
limited, no matter how much science 
he may know. 

I believe this more firmly now than 
when I first said it, in a commence- 
ment address a number of years ago. 

In the meantime, as the engineering 
profession has developed, the center 
of education for engineers has been 
shifting more toward the humanities, 


and several of our leading engineering 


schools have established Departments 
of Humanities. 

In earlier days, humanistic studies 
were considered not only to detract 
from the education of a technological 
specialist on account of the time di- 
verted to a useless purpose, but to un- 
settle the mind of such a student 
through their lack of precision and the 
vagueness of their terms. But these 
considerations have long been thrown 
overboard, and in their place has come 
a realization that the study of history 
and of languages contributes to the 
development of the mind of a special- 


ist, even as mathematics does to the 
mind of almost everybody else. 

On these counts, even where in- 
tense technological specialization is in- 
tended, it is recognized that that very 
object will be better achieved by 
broader training. 

There are other considerations that 
bear upon these factors. Not all men 
with an engineering education take up 
the practice of engineering; many are 


drawn off into the field of organiza- 


tion, and into other fields where the 
engineering method of approach to 
problems, and the engineering point of 
view, introduce fermenting leven into 
the processes of industrial business 
procedure. 

Partly for this, and for other rea- 
sons, engineering has become the cor- 
nerstone of industry, and the function 
of management has fallen very largely 
to the engineer. In the field of man- 
agement, which involves the play of 
the human spirit at its best and at its 
worst; and particularly in labor rela- 
tions, where generosity, loyalty and 
independence are manifest, as well as 
passion, ignorance and vanity, the en- 
gineer’s capacity for organization, 
leadership and sympathy with human 
problems has rare opportunities. 

For all these reasons and in the 
technical as well as in broader fields, 
the engineer whose training has been 
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solely technical, is at a loss in compet- 
ing with one whose training has been 
broader. He is at a loss because he 
is less able to make his views prevail, 
less able to persuade and to contend. 

It is a satisfaction to see that the 
Committee on Aims and Scopes of 
Engineering Education has declared 
that, along with the scientific-technical 
stem of an engineer’s education, should 
go an equally important humanistic- 
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social one, and that included in its 
aims should be understanding of the 7 
evolution of the social organization 7 
within which we live and of the influ- | 
ence of science and engineering on its | 
development ; and that also should be 
included acquaintance with some of 7 
the great masterpieces of literature 7 
and art, and an understanding of their 

setting in and influence upon civiliza- 7 
tion. 


Necrology 


William Griswold Smith, former 
professor of engineering at Northwest- 
ern University, died December 25, 
1943, of a heart attack suffered while 
on a Christmas visit to his daughter, 
Mrs. K. Van Ginkel of Pacakanack 
Lake, N. J. He was born in Toledo, 
Ohio, on July 18, 1870. 

After two years at Yale, 1887-89, 
Professor Smith entered Cornell, 
where he received his degree of Me- 
chanical Engineering in 1892. Before 
starting his long teaching career he 
spent several years in bicycle manu- 
facturing, and then, in 1902, joined 
the faculty of the University of North 
Dakota, where he remained, 1902-04. 

From 1905 to 1920 Professor Smith 
was an associate professor of engineer- 
ing at the Armour Institute, Chicago, 
now the Illinois Institute of Technol- 


ogy. From 1920 until his retirement, 
nineteen years later, as professor emer- 
itus, he filled the chair of engineering 

at Northwestern University. 

During the present war period he 
returned to active teaching, first as a 
special lecturer at the Defense Train- 
ing Institute, New York, from 1941 
until last June, and since then, until 
his death, he had been in charge of 
engineering instruction at the Navaf 
Reserve Unit at Franklin and Marshall 
College, Lancaster, Pa. 

Professor Smith was the author 
of “Practical Descriptive Geometry,” 
“Engineering Kinematics” and “Engi- 
neering Draughting.”” He was a mem- 
ber of the University Club of New 
York, the Delta Kappa Epsilon and 
Sigma Xi fraternities. 














